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OXIDATION-REDUCTION POTENTIAL 
OF THE SYSTEM 

OF PERPXPMONOSULPHANE/SULPHATE 
AND ITS DEPENDENCE 
ON THE PH MEDIUM 

M. Blazheyevskiy, Doctor of Chemistry, Professor 
0. Koretnik, postgraduate student 
National University of Pharmacy, Ukraine 

The electrochemical generalized equation of the protonic particles 
interaction of the oxidized and reduced forms of peroxomonosulphate/ 
sulphate system was derived and the theoretical interpretation of the 
oxidation-reduction potential dependence on pH medium was given. 
It is shown that at the change in pH value the nature of chemical 
particles changes, consequently, the form of the electrochemical 
generalized equation transforms that brings to the dependence of 
the oxidation-reduction potential on medium pH. The numerical 
calculation of the dependence of E on pH was performed. 

Keywords: peroxomonosulphate, oxidation-reduction potential, 
dependence on pH medium. 
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OKHCJIHTEJIBHO- 

BOCCTAHOBHTEJIhHblH nOTEHH,HAJI 
CHCTEMBI nEPOKCOMOHOCYJIBOAT/ 
CYJIBOAT H ErO 3ABHCHM0CTB 
OT pH CPEABI 

Ejia^ceeBCKHH H.E., a- p xhm. Hayic, npoij). 

KopeTHHK O.H., acnHpaHT 

HauHOHajiBHBra (JiapMaijeBTHHecKHH yHHBepCHTeT, YicpaHHa 

BbreeACHO ododmcHHoe ojieKTpoxHMHnecKoe ypaBHeHne B 3 anM 0 - 
AenCTBHtf npOTOHHpOBaHHBIX naCTHU OKHCJieHHOH H BOCCTaHOBJieHHOH 
(J)opM cncTeMti nepoKCOMOHOcyjibcjDaT/cyjTbc})aT n /jam TeopeTHnecKaa 
HHTepnpeTanna 3 aBncnM 0 cth OKHCJinTejiBHO-BOCCTaHOBUTejiBHoro no- 
TeHunajia ot pH cpeABi. noKa 3 aHO, hto npn H 3 MeHeHnn pH H 3 MeHaeTca 
npnpo^a xHMHnecKHx nacTHu, a cjieAOBarejiBHO H 3 MeHaeTca n bha 0606 - 
meHHoro 3 JieKTpoxHMHnecKoro ypaBHCHna BianMOAencTBrni, hto bcact 
k 3 aBHCHM 0 CTH OKHCJiHTejiBHO-BoccTaHOBHTejitHoro noTemiHajia OT pH 
cpeABi. 

KjuoueBbie cjiOBa: nepOKCOMOHOcynt^aT, OKHCJiHTejiBHO-BoccTa- 
HOBHTeJIBHBIH nOTeHUHaJI, 3aBHCHM0CTb OT pH. 

y hacthhkh KOH(J)epeHi];HH, HaunoHajibHoro nepBeHCTBa 

no HayuHon aHaanTHKe, Otkpbitoto EBponencKO-A 3 naTCKoro 
nepBeHCTBa no HaynHon aHaanTHKe 


H 3BecTH0, hto CTaH^apTHBie noTeHunajibi npHMeHHMBi 
AJm pacueTa paBHOBecuH b HAeaABHBix cncTeMax, xor^a 
M05KH0 npeHe6peHB SACKTpOCTaTHHCCKHMH B3aHM0^eHCTBHH- 
MH H KOHKypHpyiOmHMH XHMHHCCKHMH peaKAHAMH C yHaCTH- 
eM OKHCJieHHOH h/hjih BOCCTaHOBJieHHOH (jiopMBi. C+aHAapT- 
HBIH OKHCJIHTeJIBHO-BOCCTaHOBHTeJIBHBIH nOTCHH,HaJI 3ACKTpO- 
Aa npe^ycMaTpHBaeT noTeHnnaji chctcmbi npn ycjiOBHH, xor^a 
aKTHBHOCTH OKHCJieHHOH H BOCCTaHOBJieHHOH (]x)pM paBHBI 

Me5K^y co6oh h paBHBi 1 mojib/ji, npn ueM hmcctch b BHAy 
THnOTeTHHHBIH CTaH^apTHBIH 1 MOJIB/jI paCTBOp, B KOTOpOM 
K03(j)(])HAHeHT aKTHBHOCTH Ka5K^0T0 paCTBOpCHHOTO BCHjeCTBa 
paBeH 1. 

J\jik yMeHBmeHHH ohih6ok b pacneTax, ocymecTBjineMBix 
fljiH peajiBHBix ycjiOBHH, npeHMymecTBO npe^ocTaBjimoT (pop - 
MdJibHbiM nomemjuajiaM. OopMajiBHBiM noTeHimanoM (cp 0 ') 
npHHHTO Ha3BiBaTB noTeHii,Haji nojiypeaKUHH npn ycjiOBHH, 
KOT^a KOHUeHTpaUHH (a He aKTHBHOCTH) OKHCJieHHOH H BOC- 
CTaHOBJieHHOH (J)OpM paBHBi 1 mojib/ji, a KOHH,eHTpaiI,HH ny}K e- 
pO^HBIX 3JieKTpOJIHTOB H3BCCTHBI [1]. B OTJIHHHC OT CTaH/japT- 
hoto 4)opMajiBHBiH noTeHunaji BRjiiouaeT b ce6e K03(Jxj)HAHeH- 

TBI aKTHBHOCTH, TO CCTB 3aBHCHT OT HOHHOH CHJIBI paCTBOpa, a 
TaK5Ke BeJIHHHHBI pH. EcJIH K03^)^)HII,HeHT aKTHBHOCTH paBCH 1 
(HanpHMep, b chjibho pa36aBjieHHBix pacTBOpax npn OTcyTC- 
TBHH KOHKypHpyiOmHX paBHOBCCHH), TO (JlOpMaABHBIH nOTCH- 

ijnaji coBna^aeT co CTaH^apTHBiM noTeHipiaAOM: 

<P° '= <p° + (0,059/«)-lg(y o yy M ) = <p°. 

Tohhoctb TaKoro npH6jiH5KeHHa jxim mhothx pacneTOB 

0Ka3BiBaeTca ^ocTaTOHHoii. 

EcJIH KOHCTaHTBI KOHKypHpyiOmHX paBHOBCCHH H KOHH,eH- 
TpaiJHH Hy5KepO^HBIX 3JieKTpOJIHTOB (b TOM HHCJie H HOHOB BO- 
AOpOAa, to ecTB pH pacTBOpa) h3bccthbi, a HOHHan cnjia He 
cjinmKOM BBicoxa h ee bahahhcm mo)kho npeHe6peuB, to no 
^aHHBiM BejiHHHHBi CTaHAapraoro noTeHHHajia nojiypeaKiiHH 


moacho paccuHTaTB (popMajibHbiu nomenijuaji h HcnojiB30BaTB 
ero mm AaJiBHeHHiHx pacneTOB. Ho npn 3 tom cjie^yeT 6 bitb 
0CT0p05KHBIM, TaK KaK npCHeOpOKCHHC KaKHM-JIH6o paBHO- 
BeCHeM B CHCTeMe M05KCT npHBeCTH K 6 oJIBHIHM (3HaHHMBIM) 
omn6KaM [2]. 

npH HCn0JIB30BaHHH AOCTaTOHHO pa36aBJICHHBIX paCTBOpOB 
(c < 0,001 mojib/ji) mm pacneTOB mojkho BOcnojiB30BaTBca otho- 
meHneM aHajiHTHuecKHx KOHueHTpaijHH hohob b pacTBOpe. 

PaCCMOTpHM H3MeHeHHe OKHCJIHTeJIBHO-BOCCTaHOBHTeJIB- 
hoto noTeHi^najia nojiypeaKi^HH BOCCTaHOBnemm nepOKCO- 
MOHOcyjiB$aT-HOHa SO 2 ao cyjiB(j)aT-HOHa SO 2 b iacjiohhoh 
cpe^e npn h3mchchhh pH cpeABi: 


SO 2 + H 2 0 + 2e = S0 4 2 - + 20H-; q>°=l,22 B [3]. 


YpaBHeHne HepHCTa rjik 3toh chctcmbi HMeeT bha: 


O 0,0592, [SO 2 - 

cp lg j — V 


nycTB c(S0 2 ) = c(S0 2 ) = 1 mojib/ji. J\jik pacneTa okhc- 
jiHTejiBHO-BoccTaHOBHTejiBHoro noTeHAHajia jiio6oh peaK- 
AHH C yuaCTHeM npOTOHOB HJIH THApOKCHA-HOHOB ypaBHCHHC 
HepHCTa mo5kho npeACTaBHTB b BHAe: 


( P = ( PpH=o - — 0,0592pH+ 
n 


0,0592 

n 


lg^. 

C Red 


TAe h - KOJinuecTBO npOTOHOB b nojiypeaKAHH BOCCTaHOBjie- 
HHH, 3anHCaHHOH AJI^ KHCJIOH cpeABi (pH = 0). 

C Apyron CTopoHBi, nojiypeaKAHH BOccTaHOBjieHHa Ami 
khcjioh cpeABi HMeeT bha: 


SO 2 - + 2H + + 2e = SO 2 - + H 2 0 

(aji^ 3toto AOCTaTOHHO ycjiOBHO aoOabhtb 2H + K o6eHM uac- 
t^m ypaBHeHne nojiypeaKAHH AJm mejionHOH cpeABi h ynecTB 
peaKAHio HeiiTpajiH3aAHH). Bhaho, hto h = n = 2. TenepB, 
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BOcnojii>30BaBHiHci> 3HaneHHeM CTaH/japTHoro noTeHipiajia 
AJih mejiOHHOH epe/jBi (pH = 14), Haii/jeM (p^ H=0 : 

VpH-o = 9pH=i4 + “ ' 0,0592 pH = 

n 

= 1,22 + 0,0592-14 = 2,05 B. 

TaKHM o6pa30M, H3 nojiyHeHHBix /jaHHBix bh/jho, hto ne- 
pOKCOMOHOCyjIB(f)aT-HOH B KHCJIOH Cpe/je HBJIHeTCH ^OCTaTOH- 
HO CHJIBHBIM OKHCJIHTe JieM . B IjeJIOM MO)KHO C/jeJiaTB TaK5Ke 
BBIBO£, HTO nOBBIHieHHe KHCJIOTHOCTH Cpe/JBI yCHJIHBaeT OKHC- 
jiHTejiBHBie CBOHCTBa nepoKCOMOHocyjiB(J)aTa. 

3aBHCHMOCTb OKHCJlHTeJlbHO-BOCCTaHOBHTeJlbHOrO no- 
TeHijHajia ot pH cpe/jbi chctcmw nepoKCOMOHOcyjib^aT/ 
cyjib^aT 

OKHCJieHHaa HSO~ h BOCCTaHOBjieHHan HS0 4 (jjopMBi chc- 

TeMBI HBJIHIOTCH CJiaOOH H CHJIBHOH KHCJIOTaMH COOTBCTCTBeH- 
HO, n03TOMy Hapfl/jy C peaKI^HHMH OKHCJieHHfl-BOCCTaHOBJie- 
hhh npoTexaiOT peaKipiH nenpOTOHHpOBaHHa: 


H 2 S0 5 ^H + + HSO-lgP H2SOs = 9,7; 

HSOj H + + S0 2 ~lg P HS0 _ = 9,3; 

H 2 SO 4 ;±H + + HSO-lgP H2SOs = -0,86; 

HSO” H + + SO 2- lg P HS0 _ = 1,95, 

pzje (3 hso h (3 hso - oOiipie KOHCTaHTBi o6pa30BaHHH 

(yCTOHHHBOCTH) npOTOHHpOBaHBIX HaCTHIJ OKHCJieHHOH H.S0 5 
H BOCCTaHOBJieHHOH H.S0 4 (jlOpM CHCTeMBI. 

06o6meHHoe 3JieKTpoxHMHHecKoe ypaBHeHHe B3anMo- 
/jencTBHH ^jih CHCTeMBi nepOKCOMOHOcyjiB({)aT/cyjiB(J)aT HMeeT 
bh£ (3,qecB 3apH^Bi nacTHii h b /jajiBHenmeM onymeHBi, KpoMe 
HexoTOpBix npHHijHnHauBHBix cjiynaeB): 

2 / 2 2 X 

^ a H,so 5 * H f S0 5 + 2 + • ot H . S Q 4 — • a H ; .so 5 * H +2e = 

1=0 V i = 1 i = 1 ) 

= X a H ; so 4 ■ H /S0 4 + H 2 0. 


Heo6xo^HMOCTB BBe^eHHH b 3to ypaBHeHHe MOJieicyji 
BO/JBI o6BHCHHeTCH TCM, HTO OKHCJieHHaH H BOCCTaHOBJieHHaH 
(JiopMBi eo^ep)KaT pa3Hoe KOJinnecTBO aTOMOB KHCJiopo/ja. 3 to 
ypaBHeHHe npe/jCTaBjineT co6oh jiHHeiiHyio KOMOnHaitHio 60- 
jiee npocTBix xHMHnecKHx h 3neicrpoxHMHHecKHx ypaBHeHHH, 
npnneM (JiyHKiiHH a H . S0 h a H . S0 BBipa^caiOT He tojibko napijH- 
aJIBHBie MOJIBHBie HaCTHI^BI XHMHHeCKHX ypaBHeHHH JjenpOTO- 
HHpOBaHHH H 06pa30BaHHe 3THX HaCTHH, B o6o6meHHOM 3JieK- 
TpOXHMHHeCKOM ypaBHeHHH B3aHMO^eHCTBHH 

[H,so 5 ] Ph,so 5 [H + ]' 

a H,so 5 = —p — = iT^ » 

Xm.soj i+XPh, S o 5 [ H+ r 

i = 0 i=\ 


[h,so 4 ] _ p h ,so 4 

a H ; S0 4 P p 

X[H,so 4 ] 1 + Xp h,so 4 [H + ]' 


i = 0 1=1 

3aBHCHMOCTB OKHCJIHTeJIBHO-BO CCTaHOBHTeJIBHOTO nOTCH- 
IJHaJia OT pH /JJIfl 3TOH CHCTeMBi OTHOCHTeJIBHO CTaH^apTHOTO 
BO^opo^Horo 3JieKTpo^a mo>kct 6bitb BBipaiKeHa ypaBHeHHeM: 

p 


E = E° 

SOf“/SOF 


RT , 

In 

2F 


i + ZPh, S o 5 -[hT 

i=\ 

1 + ZPh,so 4 -[H + ]' 


, RT ln c(H 2 SQ 5 ) 
2F c(H 2 S0 4 ) 


i-i 


HJIH 


E=E° -—In 

so^/soF 2F 


IK 


a HiS0 5 

so. 


1 + XPh,so 4 -[H + ]' 


n 


rf u n,so 5 

DT 1 J^H^SO* 

+ — -ln^ 


2F 


n 


RT 

+ ln[H + ] 2+? - ? + — -In 


RT c(H 2 SO s ) 


a H ; S0 4 

H f S0 4 


2F 


2F c(H 2 S0 4 ) 


TyT 


p = Yj- 


Phso^^so,-^] 2 

1 + P hso; -[H + ] + Ph ;S o -[H + ] 2 


y 

r =I‘ 


P H so 4 +2 Ph ; so 4 -[H + ] 2 
0< l + P HSO - -[H + ] + Ph,so 4 -[H + ] 2 


3to ypaBHeHHe aHajiorHHHO nojiyHeHHOMy hbmh b [4-6]. 
jih npH6jiH3HTejiBHoro paeneTa 3aBHCHM0CTH E=/(pH) ejie- 
jl yeT cHanajia onpe^ejiHTB ynacTKH ^OMHHHpOBaHHH nacTHi; 
b pacTBOpe b 3aBHCHMOCTH ot pH. nocjie^Hee onpe^ejineT- 
CH KOHCTaHTaMH ^enpOTOHHpOBaHHH (^HCCOIIHailHH) HaCTHH, 
OKHCJieHHOH h BOCCTaHOBJieHHOH (jjopM. fl,ajiee HenpepBiBHBie 
(JjyHKijHH a H . S0 , a H . S0 h q 3aMeHniOTcn Ha KyeoHHo-jiHHeii- 
HBie (J)yHKH,HH. ^JHI CHCTeMBi nepOKCOMOHOCyjIB(j)aT/cyjIB(|)aT 
HMeeM: 


H 2 SO f 

; 2,8 < pH < 0,4, ct H2SOs 

a HS05 

= a sor 

= 0; 

p = 2; 

hso 5 

- 0,4 < pH <9,3; a HSQ _ = 1 

^ 9 a H 2 SO< 

, =a sor 

= 0; 

p = i; 

so 5 2 - 

9,3 < pH < 14; a sor = l; 

a H 2 S0 5 = 

a HS0 5 _ 

0; p 

= 0; 

HS0 4 

-2,8<pH<l,95;a HS0 .= 

a H 2 S0 4 " 

= °; “so; 

,_= 0; 
i 

q= 1; 

so 4 2 - 

1,95 <pH< 14; a S0 2_ = 1; 

a H 2 S0 4 = 1 

“hso; 

= 0; 

q = 0. 


Ha OCHOBaHHH 3THX ^aHHBIX CHCTCMa 3JieKTpOXHMH- 
necKHx ypaBHeHHH B3aHMO^eiiCTBHa nacTHi; okhcjichhoh h 
BOCCT aHOBJieHHOH $OpM, ynaCTKH /JOMHHHpOBaHHH KOTOpBIX 
nepeKpBiBaiOTCn, HMeeT bh^: 

H 2 SO s + 2H + + 2e = H 2 S0 4 + H 2 0 pH < - 2,8; 

H 2 S0 5 + H + + 2c = HS0 4 + H 2 0 - 2,8 < pH < 0,4; 

HSO s + 2H + + 2c = HSO-+ H 2 0 0,4 < pH < 1,95; 

HSO-+ H + + 2c = SOJ-+ H 2 0 1,95 < pH < 9,3; 

S0 2 f+ 2H + + 2c = SOJ-+ H 2 0 9,3 < pH < 14. 

ComacHO BBimenpHBe^eHHOMy ypaBHeHHH) 3aBHCHMOCTH 
E OT pH e yneTOM 3HaneHHH ^yHKi^HH o6pa30BaHHH EBep- 
pyMa p h q, a TaK5Ke mojihphbix ^ojieii a H . S0 h a H . S0 othm 
ypaBHeHHHM COOTBeTCTByiOT TaKHe JIHHeHHBie $yHKHHH 

E = /(pH): 


E = E° - — -^^2^ + — ln[H + ] 2 + 

sor/so- 2F p„ s „ 2F 


RT ln c (H 2 SQ 5 ) 
2F c(H 2 S0 4 ) 


pH < —2,8; 
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E = E° - — -111^^ + — ln[H + ] + 

soj-/so3- 2F B 2F 

P HSOJ 

+ H. ln ^so i) _ 

2F c(H 2 S0 4 ) 


RT , P ; 


RT, 


E = E° In— — -^ + ln[H + ] + 


2F p 


2F 


+ RT, ln c(H 2 S0 5 ) p, 4 H ,i, 
2F c(H 2 S0 4 ) 


RT i n + RT ] 

“sof-/soT 2F Phso; 2F 

RT , c(H 2 SO s ), 


E = E1 2 „,_- — •lnP HS0 _+— ln[H + ]- 
+ — • In ^^^■1,95 < pH < 9,3; 


2F c(H 2 S0 4 ) 



PhC. 3 aBHCHM 0 CTb OKHCJlHTeJlbHO-BOCCTaHOBHTeJlbHOrO 
noTeHuiiajia ot pH cpeflbi CHCTeMbi nepoKCOMOHOcyjib(J)aT/ 
cyjibtliai 


E = 


E° 

SO^“ /SO^“ 



ln[H + ] 2 + In 

2F 


c(H 2 SO s ) 

c(H 2 S0 4 ) 


9,3 < pH <14. 


Pe3yjibTaTbi paeneTa E 3aBHCHMOCTH ot pH no 3 thm (jiop- 
MyjiaM npe^CTaBjieHbi Hapnc. (c H SOs = c H S04 = 1 mojib/ji). Ebijih 
T aKHce npOBe^eHti paeneTBi eocTaBjiniomHx ypaBHeHHH okhc- 
jiHTejibHo-BoccTaHOBHTejibHoro noTeHipiajia: nepBBie ^Ba 

HJieHa B ypaBHeHHH BBIpaHCaiOT 3aBHCHMOCTb 3(j)(j)eKTHBHOrO 
((JiopMajibHoro) CTaH^apTHoro noTeHi^najia ot pH. PaeneTBi 
noKa3ajin TaKHce, hto TpeTbHM cjiaraeMBiM mohcho npeHe6- 
penB. 

TaKHM o6pa30M, o6o6meHHoe 3JieKTpoxHMHHecKoe ypaB- 
HeHne B3anMOflencTBHH no3BOJiHeT ynecTB BKjia/j Bcex nacTim 
b npoijeee paBHOBecna. 

npn H3MeHeHHH pH paCTBOpa H3MeHHeTCH npnpo^a XHMH- 
necKHx nacTHij, a, ejie^OBarejiBHO, H3MeHneTCH n bh# 0606 - 
meHHOTO 3JieKTpOXHMHHeCKOTO ypaBHeHHH B3aHMO#eHCTBHH, 
HTO H npHBO^HT K 3aBHCHMOCTH E OT pH KaK 3TO noKa3aHO Ha 
pHcyHKe. 
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HUDROXYCHALKONES AND THEIR 
ANALOGUES. SYNTHESIS WITH THE USE 
OF THE WITTIG REACTION 

I. Dytynchenko 1 , lecturer 

V. Listvan 2 , Candidate of Chemistry, Senior Lecturer 
Zhytomyr cooperative college of business and law, Ukraine 1 
Zhytomyr Ivan Franko State University, Ukraine 2 

Synthesis of new hydroxychalkones and their analogs have 
been made on the base of aromatic and heterocyclic aldehydes with 
phosphonium solts. 

Method of Wittig reaction in the presence of triethyl amine have 
been elaborated. 

The compounds obtained can possess an appreciable physiological 
activity and valuable pharmacological action, they also are interesting 
as semi-product for synthesis of flavon type compounds. 

Conference participants, National championship 
in scientific analytics, Open European and Asian 
research analytics championship 

H a coBpeMeHHOM 3Tane pa3BHTHH HejiOBenecTBa H3Bec- 
tho 6ojii>moe xojihhcctbo CHHTeTHneexHx opraHnuec- 
KHX COe/JHHeHHH, XOTOpbie HCnOJIb3yiOTCH B CaMBIX pa3HOC>6- 
pa3Hbix OTpacjiHx npoMbmijieHHOCTH, a Taioice b Me/jHiiHHe, 
6biTy h tjj. O/jHaxo iiohck hobbix npenapaTOB He yTpaTHji 
CBoeii aKTyajibHOCTH h npHBjieKaeT BHHMaHne mhothx hc- 
cjie^OBaTejieii. 

Coe^HHeHHH C ^BOHHOH CBH3BIO P=C - (J)OC(j)OpHjnmbI 
(aJIKHJIH^eH$OC(J)OpaHbl) - OTHOCHTCJIBHO HOBBIH H He^O- 
CTaTOHHO H3yueHHbIH KJiaCC (J)OC(j)OpOpraHHHeCXHX BemeCTB. 
Ohh H3BecTHbi npe5x/je Bcero xa k ncxo/jHbie coe^HHeHna b 
peaKHHH c ajib/jerH/jaMH (peaximn BnTTnra) /yra nojiyneHHH 
cjicnxHbix opraHHuecxHx eoe/pffleHHH co cbh3bio C=C. 

B HacTOnmee BpeMH peaxipra Burrara HacTOJibxo ninpoxo 
Hcnojib3yeTCH, hto c MOMeHTa ee OTxpbiTHH Tpyzmo yxa3arb 
o6jiacTb opraHHuecxoH xhmhh, r/je 6bi OHa He Hamjia CBoero 
npHMeHeHHH. Ee mnpoxo Hcnojib3yiOT npn CHHTe3e HeHaebi- 
meHHbix coe^HHeHHH ajiH(J)aTHHecxoro, apOMaraneexoro h 
reTepOHHXjiHHecxoro pn/joB. OHa npHMeHneTCH b o6jiacTH 
3jieMeHT00praHHuecxHx coe^HHeHHH, ho oco6eHHo nojie3HOH 
oxa3anacb npn CHHTe3e npnpo^Hbix coe^HHeHHH (xapOTHHOH- 
AOB, CTepOH^OB, BHTaMHHa D 2 ), HX aHaJIOTOB, a Tax}xe (j)H3HO- 
JIOTHHeCXH aXTHBHbIX BemeCTB. 3a OTXpbITHe 3TOH peaXHHH 
E Bhttht b 1979 r. 6bm yzjocToeH Ho6ejieBCxoH npeMHH no 

XHMHH. 

LJejibio pa6oTbi 6bmo: 

- nojiyneHHe hobbix TH/jpoxcHxajixoHOB h hx aHajioroB, 
Hcnojib3yH b peaxHHH BHTTHra apOMarnnecxHe ajib^erH^bi h 
4)oc(J)OHHeBbie cojih; 

- no^6op ochobhbix MeTO^Hx h ycTaHOBxa HaH6ojiee 
6jiaronpHHTHbix yejiOBHii, npH xoTOpbix bbixo/j 3thx BemecTB 
HaH6ojibmHH; 

- Hcejie^oBaHHe hx cbohctb. 

Hccjie^OBaHHe npOBO/jHjiocb c noMombio mcto/job opra- 
HHuecxoro CHHTe3a, mcto/job Bbi^ejieHHH h ohhctxh opraHH- 
necxHx BemecTB, cnexTpocxonHH. 

0OC(j)OHHeBbie COJIH HBJIHIOTCH HCXO^HblMH Belize CTBaMH 
jjjw CHHTe3a HeHacbimeHHbix coe/pnieHHH, aHajioroB th/j- 
poxcHxajixoHOB no peaxijHH Bnirnra. CyTb ee 3axjnonaeTCH 
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TH^POKCHXAJIKOHbl H HX AHAJIOTH. 
CHHTE3 C HCnOJUGOBAHHEM PEAKH,HH 
BHTTHTA 

/JbiTbiHueHxo H.H. 1 , npenoaaBaTejib 
JlncTBaH B.H. 2 , xaHji. xhm. Hayx, ct. npenoaaBarejib 
)Khtomhpcxhh xoonepaTHBHbiii xojuiefljx 6H3Heca h npaBa, YxpaHHa 1 
}KHTOMHpCXHH TO CyZjapCTBeHHBIH neaarOTHHeCXHH yHHBepCHTeT 
hm. H. d>pamco, YxpaHHa 2 

npoBeaeH CHHTe3 p hobbix rujipoKCOxajTKOHOB h hx aHajioroB 
Ha ocHOBe apOMaTHHecxHx h reTepouHKjiHnecKHx ajibjjerH/iOB c (Jioc- 
(JiOHHeBbiMH cojmmh. Pa3pa6oTaHa MeTojuuca npoBeaeHHa peaxuHH 
BHTTHra b npHcyTCTBHH TpH3THjiaMHHa. nojiyueHHbie BemecTBa mo- 
ryT npoaBjiaTb (J)H3HOJiorHHecKyio axTHBHOCTb, nojie3Hoe cJiapiviaKOJio- 
THHecxoe aencTBue, a Taxjxe HHTepecHbi b njiaHe ucnojibiOBaHua npo- 

H3BOJUH.IX THapOKCOXaJIKOHOB KaK COejIHHeHHH CHHTC3a BCIUeCTB 
pujia (JuiaBOHOB. 

YnacTHHKH KOH(J)epeHUHH, HauHOHajibHoro nepBeHCTBa 
no HaynHOH aHajiHTHxe, Otkpmtoto EBponeHCxo-A3HaTCKoro 
nepBeHCTBa no HayuHon aHajiHTHxe 

B TOM, HTO (jlOC(J)OHHeBbie COJIH npH ^CHCTBHH OCHOBaHHH 
npeBpamaiOTca b ajixHjnmeH(j)oc(j)opaHbi, ^ajiee B3aHMO^eiicT- 
ByiOT e apOMaTHHecxHMH ajib^ern^aMH e Henoepe^cTBeHHbiM 
o6pa30BaHHeM HeHacbimeHHbix xctohob, aHajioroB xajixoHOB. 
PeaxHHH npoxo^HT no ejie^yiomeH exeMe: 

Ar +(CgH 5 ) 3 P — CH CO Ar 

H 

► Ar'— CH=CH — CO — Ar +(C 6 H 5 ) 3 PO 

B pe3yjibTaTe peaxipiH o6pa3yeTCH npoH3Bo^Han xajixoHa 

H TpH(j)eHHJI(j)OC(j)HHOXCH,ZU HCXO^HBIM BemeCTBOM B CHHTC3aX 

HBjiHeTCH peaxTHB - xjiopxeTOH (2-xjiop-3 , ,4’-/mrH£poxcHaije- 
To^eHOH). 3 to xpHCTajuiHHeexoe BemecTBO e TeMneparypOH 
njiaBjieHHH 174-176°C. 

PeaxiiHH xjiopxeTOHa e TpH(j)eHHji(j)oc(j)HHOM o6pa3yeT 
(j)oc(j)OHHeByio cojib: 



aHHaa peaxipui HMeeT Bamioe npaxTHHeexoe 3HaneHHe, 
noexojibxy (j)oc4)OHHeBaH cojib HBjineTCH ochobhbim hcxo,zi- 
hbim eoe^HHeHHeM (nojiynpo^yxTOM) ^jih ejie^yiomHx chh- 
Te30B npOH3BO^HBIX TH^pOXCHXaJIXOHOB. ^JIH oTmenjieHHH 
HC1 ot (j)oc(j)OHHeBOH cojih h npeBpameHHH ee b (j)oe(j)opHjiHA 
6bIJIO HCn0JIB30BaH0 AOCTaTOHHO CHJIBHOe OCHOBaHHe - TpH- 
3THJiaMHH. 
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HacTO c 3toh ijejibio Hcnojn>3yiOT ajiKorojiHTBi hjih Me- 
TaJIJIOOpraHHHeCKHe COC/JHHCHHH (jieHHJIJIHTHH HJIH 6yTHJI- 
JIHTHH. OKa3aJIOCb, HTO /JJIH nOJiyHCHHH HJIH/JOB H3 COJICH 
flOCTaTOHHO TaKOTO OCHOBaHHH KaK TpH3THJiaMHH, C KOTOpBIM 
6e3ycjiOBHO yao6Hee pa6oTari>, neM c HyBCTBHTejibHBiMH k 
Bjiare ajiKorojiHTaMH hjih tcm 6ojiee MeTajuioopraHHHecKHMH 
OCHOBaHHHMH. Hcn0JIB30BaHHe TpH3THJiaMHHa /jaeT B03M05K- 
HOCTB npOBO^HTB peaKIJHIO BHTTHTa B 0£Hy CTa/JHIO C HC- 
nojiB30BaHHeM (JiociJioHHeBHx cojien 6e3 npe/jBapHTejiBHoro 
BBmeJieHHH H3 HHX aJIKHJIH£CH(j)OC(j)OpaHOB. PeaKIIHH Bht- 
THra npoxo^HT b mhtkhx ycjiOBHux npn KOMHaTHOH TeMne- 
paType, HarpeB hco6xo/jhm jihhib b ycjiOBHux MajiopacTBO- 
pHMBix ajiB^ern^OB. Yzjo6hbimh pacTBOpHTejiHMH £jih npoBe- 
^eHHH peaKipiH hbjihiotch HH3HiHe cnHpTBi (oTaHOJi, 2-npo- 
naHOJi), b KOTopBix jierKO pacTBopneTCH HCxo/jHan (j)0C(j)0HH- 
eBaa cojib, a npo/jyKTBi BBina/jaiOT b oca/jOK. B pe3yjiBTaTe 
CHHTe3a TH^pOKCHXaJIKOHOB, HX aHaJIOTOB Ha OCHOBe apo- 
MaTHnecKHx ajiB^ern^OB h /pirH/jpOKCH(j)oc(})OHHeBOH cojih, 
reTepoiiHKjiHnecKHx aHajioroB rn^pOKCHxajiKOHOB nojiyneHO 
15 HOBBIX npOH3BO^HBIX TH/JpOKCHXaJIKOHOB, COAep^ailJHX 
(jiparMeHTBi 5-HHTpo(j)yp(j)ypajifl, 5-(j)eHHji(j)yp(j)ypajDi, 1-Ha- 
(jiTOHHoro ajiB^ern^a, HHTpocajiHijHjiOBoro ajiB^ern^a, Ba- 
HHjiHHa h pa3JiHHHBie (jiyHKBHOHajiBHBie rpynnBi. HaH6ojiee 
3HepTHHHO npOHCXO^HT peaKipiH C apOMaTHHeCKHMH aJIB^e- 
rn^aMH. Chhtc3 xajiKOHOB c reTepoijHKjiaMH b MOJieKyjiax 
H^eT Me/jjieHHee h c hc6ojibhihm bbixo/jom. 

B pe3yjiBTare CHHTe3a TBi/jpOKCHxajiKOHOB, hx aHajioroB 
Ha OCHOBe apoMaTHnecKHX ajiB/jerr/joB h ^hth^pokch4)oc(J)o- 
hhcboh cojih, reTepoiiHKJiHHecKHx aHajioroB rn^pOKCHxajiKO- 
hob nojiyneH p h/j npOH3BO£HBix rH^pOKcnxajiKOHOB, npHBjie- 
Kaiomnx BHHMaHHe: 

a) c 5-HHTpocajiHiiHJioBBiM ajiBflerH^OM c o6pa30Ba- 
HHeM l-(3,4-AHTH^pOKCH(J)eHHJl)-3-(2-rH^pOKCH-5-HHTpO- 
(jieHHji) nponeHOHa: 


c1 + (C 2 H 5 ) 3 N 


6) c 9-aHTpaiieHKap6aMH^OM: 






(C 2 H 5 ) 3 N*HC1 +Ph 3 PO 


BojiBHioe 3HaneHHe KaK jiiOMHHO(j)opBi hmciot aHTpaijeH 
h ero npOH3BO/jHBie, KOTOpBie hhtchchbho jnoMHHeciiHpy- 
iot b KpHCTajuiax h pacTBOpax Ha rpaHHije YO h bh/jhmoh 
o6jiacTnx cneKTpa. AHTpaueH HcnojiB3yiOT /yin nojiyneHMa 
CI3HHTHJIJIHI3HOHHBIX MOHOKpHCTaJIJIOB, a 9,10-^H(J)eHHJiaHT- 
paiieH, KOTOpBIH OTHOCHTCH K HHCJiy HaH60Jiee 3(J)(J)eKTHBHBIX 
JIIOMHHO(j)OpOB (jlHOJICTOBOTO CBCTa, B OnTHHCCKHX KBaHTOBBIX 
reHepaTOpax, b 6eccepe6pHHOH (j)OTorpa(j)HH. IIo3TOMy mo)kho 
nporH03HpoBaTB, hto o6pa30BaHHoe BemecTBO MO)KeT o6jia- 
R&Tb CBOHCTBaMH OpraHHHCCKOTO JIIOMHHO(j)Opa. 
b) c n-HHTpo6eH3ajiB^erH^OM: 






(C 2 H 5 ) 3 N*HC1 +Ph 3 PO 




npo^yKT peaKHHH HHTepeceH tcm, hto o6bc^hhhct ocTaTKH 
6eH30HH0H KHCJIOTBI H (j)OC(j)OHHeBOH COJIH. EeH30HHaH KHCJIOTa 
h ee npOH3BO^HBie npHMeHHiOTCH b MejjHijHHe b KanecTBe npo- 
THBOMHKpo6HOTO, (|iy HTHTTHTTH OTO H OTXapKHBaiOmerO CpejJCTB. 
rio3TOMy nojiyHeHHoe coe/piHeHHe mo5kct hmctb BBicoxyio 
4)H3HO JIOTHHeCKyiO aKTHBHOCTB H M05KCT HaHTH npHMCHCHHe B 
Me/pmHHe Kax aHajior 6 ch3ohhoh khcjiotbi. 
r) c a-6pOMKOpHHHBiM ajiB^ern^OM: 


Ph 3 P-CH 2 -CO 


np0H3B0^HBie cajiHi^HjiOBoro ajiB^ern^a - cajiHijHjiaMH#, 
acnnpHH (ayeTHjicajiHBHjioBaa KHCJIOTa), HaTpHH cajiHijHjiaT 
o6jia)KaiOT )KapOnOHH5KaK>mHM /JCHCTBHCM, (jieHHJIOBBIH 3(j)Hp 
CaJIHH,HJIOBOH KHCJIOTBI (^CHHJICaJIHIIHJiaT) nO^ Ha3BaHHCM 
cajioji HcnojiB3yeTca b MejjHijHHe KaK ,zje3HH(|)Hipipyiomee 
Cpe^CTBO npH HeKOTOpBIX KHHieHHBIX 3a60JICBaHHHX. ri03T0My 
nojiyHeHHoe coe/jHHeHHe mo5kct hmctb HpKO BBipanceHHBie 
(J)H3HOJIOTHHeCKHe CBOHCTBa H npOHBJIHTB BBICOKOC aHTHMHK- 

po6Hoe ^encTBHe. 



C1 

+ Ph-CH=CBr- C<" + (C 2 H 5 ) 3 N - 

H 


Ph-CH=CBr- CH=CH-CO 



- (C 2 H 5 ) 3 N*HC1 +Ph 3 PO 
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^aHHoe BemecTBO hbjihctch oco6eHHO HHTepecHBiM. 3to 
HeHaCbimeHHBIH KeTOH, KOTOpblH CO^ep^CHT £Be ^BOHHbie CBH- 
3H ^parMeHT a-6pOMKOpHHHOH KHCJIOTbl, HBJIHCTCH Ba5KHBIM 
(JiapMaKOJiornHecKHM coe/jHHemieM. HHrii6HpyeT p h/j (Jiep- 
MeHTOBH 3aMe^JIHeT pa3BHTHe HCKOTOpblX MHKpOOpraHH3MOB 
h rpn6icoB. Hmchho no3TOMy nojiyneHHbiH xajiKOH npH ^ajib- 
HeHineM ero (JmpMaKOJiorHHecKOM aHajiH3e mo5kct npoHBjiHTb 

aHTHMHKpo6HOe H (JiyHrHipi/JHOe ^eHCTBHe HJIH npOTHBOBOC- 
najiHTejibHbie CBOHCTBa. 

J\jik no^TBep5K^eHHH CTpoeHHH nojiyneHHbix BemecTB 
Hcnojib30BajiHCb HexoTOpbie npHMbie h KOCBeHHbie MeTOjjbi. 
B nacTHOCTH, y)Ke caM mcto#, Hcnojib30BaHHbiH ^jih hx chh- 
Te3a, - peaKi^HH Barrara - xoporno H3BecTHan, H3yneHHaH 
peaiojHH. Ha MHoroHHCJieHHbix npHMepax ^OKa3aHO, hto OHa 
/jaeT npe^nojiaraeMbie npo/jyKTbi c 3a/jaHHbiM pacnoji05Ke- 
HHeM /JBOHHOH CBH3H £a5Ke npH CHHTC3e JJOCTaTOHHO CJI05K- 
Hbix coe^HHeHHH. npo^yKTbi OHHmajiHCb npeHMymecTBeH- 


ho nepeKpHCTajuiH3aitHeH H3 pa3JiHHHbix pacTBopuTejieH. 
CpaBHHBaJIHCb CBOHCTBa HCXO/JHbIX BeiIjeCTB H npO^yKTOB 
peaKi^HH. ^jih HeKOTOpbix BemecTB chhtbi cneKTpbi ilMR 
Ohh no/jTBep)K£aiOT CTpyKTypHbie (jiopMyjibi 3thx coe/pme- 
hhh. 3to yyKQ npHMoe ^OKa3aTejibCTBO CTpoeHHH coe/pme- 
HHH, cneKTpbi KOTOpbIX CHHTbl, H BMCCTC C TCM HCKOTOpOC 
no^TBep)K^eHHe pjih ppyrnx BemecTB, nocKOJibKy pjih chh- 
TC30B HCn0JIb30BaJICH TOT 5Ke MCTO/J h npeHMyipecTBeHHO Te 
)Ke ocHOBHbie Hcxo^Hbie BemecTBa - (J)oc(J)OHHeBbie cojih h 
anbperapbi. 

nojiyneHHbie Ha ochobc apOMaTHnecKHx h reTepopHK- 
jiHnecKHx anbpernpoB npOH3BopHbie xajiKOHbi MoryT hmctb 
3aMeTHyio (j)H3HOJiorHHecKyio aKTHBHOCTb, none3Hoe (JiapMa- 
KOJIOTHHeCKOe ^eHCTBHe npH npOBe/jeHHH COOTBeTCTByiOmHX 
Hccjie^OBaHHH, a TaK>Ke 6biTb HHTepecHbiMH b njiaHe Hcnojib- 
30BaHHH npOH3BO^HbIX TH^pOKCHXaJIKOHOB B KaHCCTBC HCXO/J- 
HblX BemecTB PJIH CHHTe3a COe/JHHeHHH pH^a (JlJiaBOHOB. 

Tafijinpa 1. 


CpaBHHTejibHan Ta6jinpa cbohctb rpupoKcnxajiKOHOB h hx aHajioroB 
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<Poc(])OHHeBaH cojib Ajib^erHA 


IIpo/jyKT peakumi 




4-rHApOKCH- 

3-MeTOKCH- 

6 eH 3 ajib^erH^ 




1 -(3 ,4-£HrH£pOKCH(|)eHHJl)- 
3-(4-rn^pOKCH- 
3 -MeTOKCH(|) eHHji)nponeHOH 





HHTpOCaJIHpHJIOBMH v ' ^ M ' 

3-(2-rH^pOKCH- 

ajibAerHA c \ 

5-HHTpo(peHHji)nponeHOH 



n-AHMeTHji- 

aMHHo 6 eH 3 ajib^erH^ 



1 -( 3 , 4 -^HrH^pOKCH- 4 )eHHJl)- 
3 -( 4 -^HMeTHJiaMHHO- 
(J) eHHji)nponeHOH 




aHTpapeH- 

KapSajib^ern^ 



1 -( 3 , 4 -£HrH£pOKCH(|)eHHJl)- 
3 -( 9 -aHTpHji)nponeHOH 



Ph-CH=CBr- CH=CH-CO fj 

Ph-CH=CBr-C<^ || | 

1 H 

| oi 

C1 a- 6 pOMOKOpHHHBIH 

ajib/jerH/j 0H 

OH (2-6pOMO- 1 -(3 ,4-£HrHAP0KCi4eHHji)- 

3-(J)eHHjinponeHajib) 4-6pOM-5-(|>eHHji-2,4-neHTaAHeH 




, l-( 3 , 4 -^HrH^pOKCH(i)eHHji)- 

oh -(f)eHHji-(f)yp(f)ypajib 3_(5_(j)eHHji-2-(J)yp Hji)nponeHOH 






° H !-( 3 , 4 -flHrHapoKCH(j)eHHii)- 3 -[ 2 - 


( 3 -HHTpo(J)eHHji)- 4 )ypHji]nponeHOH 



. o 2 n 

Cl x c/ 



oh 5-HHTpo(J)yp(J)ypajib l-(3,4-£HrH#pOKCH(j)eHHji)- 
3 -(5 -HHTpo-2-(J)ypHji)nponeHOH 
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UDC 581.6: 615 + 575.24 

RESEARCH OF GENOPROTECTIVE 
EFFECTIVENESS OF EXTRACTS 
FROM TEA LEAVES ON THE MUTATIONAL 
PROCESS INDUCED BY THE IONIZING 
RADIATION AND CHEMICAL 
MUTAGENS IN CELLS OF WHEAT 
AND BARLEY 

M. Quseynov, Candidate of Biological sciences, Associate Professor 
Lankaran State University, Azerbaijan 

The genoprotective effectiveness of the extracts of the tea leaf 
from different stages of technological processing has been studied. 
The mutations induced in the wheat and oats cell by gamma-rays and 
dimethil(a)antrocene. The results of experiments demonstrated the 
decreasing of the antimutagenic effectiveness of extracts from the late 
stages of leaf processing. 


Conference participant, National championship 
in scientific analytics, Open European and Asian 
research analytics championship 


XqK 581.6: 615 + 575.24 

HCCJIE^OBAHHE TEHOnPOTEKTHBHOH 
3OOEKTIIBH0CTH 3KCTPAKTOB H3 
JIHCTBEB UAH HA MYTAIJ,HOHHBIH 
nPOUECC, HHHYHHPOBAHHBIH 
HOHH3HPyiOIHHM OEJIYHEHHEM 
H XHMHUECKHMH MYTATEHAMH 
B KJIETKAX niHEHHIJBI H HUMEHH 

TycenHOB M.B., xaH/u 6 hoji. Hayx, aoijeHT 
JleHKopaHCKHH roeyaapCTBeHHBiH y hhb ep chtct, A3ep6aH/pxaH 

YcTaHOBjieHa aHTHMyrareHHaa aKTHBHO ctb axcTpaxTOB H3 jihctbcb 
na a, nojryneHHBix c pa3JiHHHBix CTajjHH nx TexHOJiornnecKOH odpadoT- 
kh npn MoancjiuKauHu MyraiiHOHHoro npouecca HH^ynupoBaHHoro 
raMMa-jiyuaMH, HHTpo30MeTHjiMoueBHHOH n ^HMeTHji6eH3 (a) anrpaue- 
hom b KjieTKax HUMeHH h nincHHHBi. 3c})c})eKTUBH0CTb aHTHMyrareHHoro 
^encTBua axcTpaxroB nocjiejjOBarejiBHO cffinxaeTca Ha CTajurax nporo- 
BOHCTBCHHoro npopecca. CpaBHUTCJiBHaa oucHKa hx aHTHMyTareHHOH 

3(J)(^eKTHBHOCTH BBMBHJia BBICOKyK) aHTHMyTareHHyfO 3(J)(^eKTHBHOCTB 
3KCTpaKTa nojryueHHoro H3 3ejieHtix jihctbcb uaa. 

YuacTHHK KOH^epeHpHH, HapHOHajiBHoro nepBeHCTBa 
no HaynHOH aHajiHTHKe, Otkpbitoto EBponeHCxo-A3HaTCKoro 
nepBeHCTBa no HayuHon aHajiHTHKe 


B eeAeHHe. HaKonjieHHBie Ha ee- 
rO/IHHIHHHH ^eHB /jaHHBie O pOJIH 

hhth6htopob MyTareHe3a b anraxaH- 
HeporeHe3e CBH/jeTejiBCTByiOT o nepe- 
neKTHBax npaxTHneexoro npHMeHeHHK 
mhothx hhth6htopob MyTareHe3a, 
HMeiomux npHpo^Hoe npoHcxo)x/jeHHe 
H /jeHCTByiOmHX c nOMOIIIBK) MHO)XeC- 
TBeHHBIX H pa3HBIX He HCKJHOHaiOmHX 
,Hpyr Apyra MexaHH3MOB, Bxjuouaa B03- 
^encTBHe, xa k Ha BHexjieTOHHOM, Tax 
H Ha BHyTpHXJieTOHHOM ypOBHe [1—3]. 
B uacTHOCTH, pe3yjiBTaTBi Hccue^OBa- 
hhh b o6uacTH npaxTHneexHx pa3pa6o- 
tox no npHMeHeHHK) aHTHMyTareHOB 
CBH^eTeJIBCTByiOT O CHH)XeHHH ypOBHH 
pH^a 3a6oueBaHHH, b tom HHCJie cbh- 
3aHHBix c noBpe5x/jeHHeM reHeTHnee- 
xhx CTpyxTyp, a Tax>xe CMepraocTH ot 
OHXOJIOTHH eCXHX 3a6ojieBaHHH [1]. 06 
3T0M Tax)xe CBH^eTeJIBCTByiOT pa60TBI 
no npHMeHeHHK) npaxTHnecxHx pa3- 
pa6oTox b o6jiacTH aHTHMyTareHe3a b 
nmiieBOH h (jiapMaxojiorHHecxoH npo- 
MBIHIJieHHOCTH, repOHTOJIOTHH, npO(j)H- 
jiaxTHnecxoH Me/pmHHe h jjjih TepanHH 
0CJI05XHCHHH, CBH3aHHBIX C npOH3BO£CT- 
BeHHOH H 6BIT0B0H HHTOXCHXailHeH 

[1, 2]. ElocjiejjHHe to/jbi BHHMaHHe hc- 
cjie^OBaTejieH HanpaBjieHO Ha H3yneHHe 
reH03aiHHTHBIX CBOHCTB X0Mn03HHH- 
ohhbix aHTHMyTareHOB, pe3yjiBTaTBi 
xotopbix noxa3ajiH, hto cmcch aHTH- 
MyTareHOB npoHBjnnoT 6ojiee BBicoxyio 


3(j)(j)exTHBH0CTB ^eHCTBHH, neM ero 
OT^eJIBHBie XOMnOHeHTBI [1, 3]. Ahth- 
MyTareHHBiM h aHTHxaHijeporeHHBiM 
CBOHCTBaM 3ejieHoro nan nocBHmeHO 
6ojiBinoe HHCJIO 3XCnepHMeHTaJIBHBIX 
Hccjie^OBaHHH. Tax)xe, 3 th Hcejie/jOBa- 
HHH CBH^eTeJIBCTByiOT O TOM, HTO JjeHC- 
TBHe 3ejieHoro nan KHraOnpyeT pax h 
no^aBjiaeT pocT onyxojieBBix xjieTOx 
b pa3JiHHHBix opraHax neuoBexa h b 
CBH 3H C nOJiyneHHBIMH ^aHHBIMH ee- 
ro^HH 3ejieHBiH nan axTHBHO HcnojiB- 
3yeTCH b npo^HjiaxTHnecxHx ijejrax 
B ilnOHHH [4]. 

BBimeyxa3aHHoe npejronpejjejiHjio 
npoBe^eHHe ijHXjia Hcejie/jOBaHHH no 
H3yneHHio aHTHMyTareHHBix cbohctb 
nan c pa3JiHHHBix ctu^hh ero tcxhojio- 
rHuecxoH o6pa6oTXH npn MO£H(j)Hxa- 
H,HH HMH MyTareHHOrO ^eHCTBHU hohh- 
3HpyiOHiero oOjiyneHHu h xHMHneexHx 
MyrareHOB c pa3JiHHHBiM MexaHH3M0M 
^eHCTBHH H npOBe/jeHHH CpaBHHTeJIBHOH 
OHeHXH HX aHTHMyTareHHOH 3(j)(j)eXTHB- 
HOCTH. 

MaTepwaji h mctoabi. B xanecTBe 
o6BexTa Hccjie^OBaHHH HcnojiB30BajiH 
HHMeHB (Hordeum vulgare L.) h nrneHH- 
uy (Triticum aestivum). AHajiH3 a6ep- 
paiiHH xpoMocoM npoBO^HKH b aHa(j)a3e 
MHT03a XJieTOX anHXaJIBHOH MepHCTeMBI 
nepBHHHBix xopemxoB HHMeHH (Hor- 
deum vulgare L.) h nmeHHH,Bi (Triticum 
aestivum L.) [5]. B xanecTBe MyTareHOB 


HcnojiB30BajiH - raMMa-jiynn (rjl) b j\03Q 
4.8 Tp (TeueraMMa - TepaneBTHnecxau 
ycTaHOBxa POKYC-M, 60 Co, mohjhoctb 
^03bi 48p/mhh; paccTouHHe - 60 cm), 
xHMHuecxHe MyTareHBi - ajixHjiHpyio- 
ihhh MyTareH npuMoro THna ^eiiCTBHu 
HHTp030MeTHJIMJineBHHa (HMM) B XOH- 
HeHTpaiiHH 0,02%, npOMyTareH - ^HMe- 
THji6eH3 (a) aHTpaneH (^MEA) ^HpMBi 
«Serva» - b xoHH,eHTpau,HH 10Mxr/Mji. 
B xanecTBe MO^H^HxaTOpOB MyTau,HOH- 
Horo npoijecca H3yneHBi bo^ho - cnnp- 
TOBBie axcTpaxTBi c co^ep)xaHHeM cy- 
xhx BenjecTB 35-37% H3 jihctbcb nan 
(0,0lMxr/Mji) nojiyneHHBie e pa3JiHHHBix 
CTa^HH hx TexHOJiorHueexoH o6pa6oTXH 
(TO), BXjnonaiomeH CTa^HH e: 3ejieHBix 
JIHCTBeB — > yBH^aHHa CXpyHHBaHHU 
^ 4 )e P MeHTai t HH cyrnxn — > nepHoro 
nau. Bo^ho - enupTOBBie axcTpaxTBi no- 
jiyneHBi b OT^ejie pacTHTejiBHBix peeyp- 
COB HHCTHTyTa EOTaHHXH Hai^HOHaJIB- 
hoh Axa^eMHH Hayx A3ep6an^}xaHCxoH 
PeenyOjiHXH. 

nojiyneHHBie ^aHHBie o6pa6oTaHBi 
oOlIienpHHUTBIMH MeTO^aMH MaTeMaTH- 
neexoH CTaTHCTHXH [6]. OaxTOp aHTH- 
MyTareHHOH 3(j)(j)eXTHBH0CTH (OOA) 
HCCJie^yeMBIX MOAH^HXaTOpOB paCCHH- 
TBiBajieu no H3BecTHOH (jiopMyjie [7]. 

Ycjiobhh npoee^eHHH 3Kcnepn- 
MeHTa. 

Cboxhc eyxo - B 03 ^ymHBie eeMeHa 

nmeHHi^Bi h uuMeHu npopaniHBajiH b 

ll 
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0,01mkt/mji pacTBopax DKCTpaKTOB nan 
b TepMOCTare, b naniKax IleTpH npH 
t = 25 °C. PacTBOpbi npenapaTOB ro- 
TOBHJIH Ha ^HCTHJIJIHpOBaHHOH boac, 

pH boahi 5,4. B DKcnepHMeHTax c 06- 
jiyneHHeM cyxo-B03^yniHi>ie ceMeHa 
nmeHHiibi h hhmchh cpa3y nocjie 06- 
jiyneHHH npopamHBajiH b pacTBopax 
nan. B 3KcnepHMeHTax c xhmhhcckhmh 
MyTareHaMH ceMeHa b Tenemie 6 -th 
nacoB no^BeprajiH bo 3 achctbhk> nyreM 
hx 3aManHBaHHH b pacTBopax MyTa- 
reHOB c nocjie^yiomHM OTMbiBaHHeM 
ot MyrareHa noA npOTOHHOH boaoh b 
TeneHHe 30 MHHyT h ^ajibHeHHiHM npo- 

pamHBaHHeM B paCTBOpaX 3KCTpaKTOB. 
npOpOCTKH nmeHHI^bl H HHMCHH AHHHOH 
10-15 MM (JlHKCHpOBaJIH CMCCblO ((j)HK- 
caTOp KapHya) aOccmiOTHoro sthjioboto 
cnnpTa h jicahhoh yKcycHOH khcjiotbi 
(3:1) nepe3 45-48 nacoB ot Hanajia 3a- 
MaHHBaHHH ccmhh. Fotobhjih AaBjieH- 


Hbie aijeTOKapMHHOBbie npenapaTbi, Ha 
KOTOpbix npoBO^HHH aHajiH3 aOeppauHH 
XpOMOCOM (AX). 

Pe3yjibTaTbi HCCJieAOBaHHH h hx 
o6cy2K/jeHHe. I^HToreHeTHne ckhc 3(J)- 
(jieKTbl 3KCTpaKTOB Haa C pa3JIHHHbIX 

CTa^HH TO H3yneHbi npn HH^yKi^HH TJI 
nacTOTbi aOeppai^HH xpomocom b kjicto- 
xax MepHCTeMbi KOpeniKOB nmeHHiibi h 
HHMeHH, TaOjIHLta 1 . 

H3 pe3yjibTaTOB TaOjini^bi bhaho, 
HTO 3KCTpaKTbI Haa nOJiyHCHHbie CO 
CTa^HH TO cnoco6cTByiOT chh^cchhio 
HH^yi^HpoBaHHOH TJI nacTOTbi a6ep- 
pai^HH XpOMOCOM C HCO^HHaKOBOH 3(J)- 
(JieKTHBHOCTbio. HanOcmee bbicokoh 
aHTHMyTareHHOH 3(j)(j)eKTHBHOCTbIO 
OTJIHHaJIHCb 3KCTpaKTbI nOJiyHCHHbie c 
nepBbix Tpex CTa^HH TO ot 54 ao 45%, 
CO CTa^HH CyiHKH H AO nOJiyHCHHH nep- 
hoto Haa aHTHMyTareHHaa 3(j)(j)eKTHB- 
HOCTb 3KCTpaKTOB Haa xapaKTeproyeTca 


3HaHHTeJIbHbIM CHH^CCHHCM, COCTaBHB 

37-29%. Tax, ecjin HHAyAHpOBaHHaa 
TJI nacTOTa aOeppai^HH xpomocom mo- 

£H(j)HIJHpyeTCH 3KCTpaKTOM H3 3CJICHBIX 
JIHCTbeB C 3(J)(J)eKTHBHOCTbIO ^CHCTBHH 

AO 54%, to <D3A H3 nepHoro nan chh- 
acaeTca ao 29%. OAHaxo, hco 6 xoahmo 

TaK5Ke OTMeTHTb H TO, HTO H3yHCHHbie 
3KCTpaKTbi Haa He coAepacar MyTa- 
reHHbix npOAyKTOB b hcxoahom bhac, 
CBHACTeJIbCTBOM HCTO HBJiaeTCH OT- 
cyTCTBHe hx MyTareHHoro aohctbhh Ha 
cnoHTaHHbiH MyTareHe3 (paHee npoBe- 
AeHHbie HccjieAOBaHHa) h OTcyTCTBHe 
CHHepTH3Ma C reHOTOKCHHe CKHM AOHC- 
tbhcm paAnaAHH. B cjieAyiomeH cepnn 
3KcnepHMeHTOB 6 bijih H 3yneHbi ahto- 
reHeTHHecKHe 3(j)(j)eKTbi 3KCTpaxTOB 
Haa npn MOAH(J)HKaAHH hmh nacTOTbi 
a6eppaijHH xpomocom HHAyAHpoBaH- 
HblX XHMHHe ckhm MyTareHOM - HMM, 
TaOjiHAa 2. 


Ta6jmpa 1. 

BjIHHHHe 3 KCTpaKTOB HaH (0,01 MKr/MJl), nOJiyHCHHOTO C pa 3 J!HHHbIX CTaAHH erO TeXHOJIOrHHeCKOH o 6 pa 60 TKH 
Ha Hacwry aOeppaunn xpomocom b KjieTKax MepHCTeMbi npopocTKOB H 3 oOjiyneHHbix raMMa-jiynaMH 

b A 03 e 2,9 rp ccmhh iimemmbi h ahmchh 


BapnaHT onbiTa 

A6eppaAHH xpomocom, % 

td 

P 

$3A 

M ± m 

nmeHHAa 

KOHTpOJIb 

3,12±0,64 

- 

- 

- 

raMMa-jiyHH 

9, 1 5=1=1 ,02 

- 

- 

- 

jiHCTba 3ejieHoro Haa 

4,17±0,68 

4,0 

<0,001 

0,54 

yBaAaHHe 

4,59±0,71 

3,6 

<0,001 

0,50 

CKpyHHBaHHe 

4,99±0,74 

3,3 

<0,001 

0,45 

(JiepMeHTaAHa 

5,72±0,80 

2,6 

<0,05 

0,37 

cynixa 

6,13±0,82 

2,3 

<0,05 

0,33 

nepHbiH nail 

6,51±0,83 

2,00 

<0,05 

0,29 

^HMCHb 

KOHTpOJIb 

3,63± 0,64 

- 

- 

- 

TaMMa-jiynn 

10,46±1,04 

- 

- 

- 

jiHCTba 3ejieHoro Haa 

5,00±0,75 

4,3 

<0,001 

0,52 

yBaAaHHe 

5,32±0,76 

4,0 

<0,001 

0,49 

CKpyHHBaHHe 

5,96±0,80 

3,4 

<0,001 

0,43 

(jjepMeHTaAHH 

6,47±0,84 

4,0 

<0,01 

0,38 

cynixa 

7,23±0,88 

2,3 

<0,05 

0,31 

nepHbiH nail 

7,55±0,90 

2,1 

<0,05 

0,28 
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Ta6jiHua 2. 

BjlHHHHe 3KCTpaKT0B HaH (0,01 MKr/MJl) nOJiyHCHHOTO C pa3JIHHHbIX CTa^HH ero TeXHOJlOrHHeCKOH o 6 pa 60 TKH 
Ha Hacwry adeppamiii xpomocom HH/jypnpoBaHHbix HMM (5,5 mMoI) b KjieTKax MepncTeMbi npopocTKOB 

H3 ceMHH miiemmbi h hhmchh 


BapnaHT onbiTa 

A6eppai^HH xpomocom, % 

td 

P 

03A 

M ± m 

nmeHHi^a 

KOHTpOJIb 

1,85±0,82 

- 

- 

- 

HMM 

9,00±0,98 

- 

- 

- 

jiHCTbH 3eneHoro nan 

4,48±0,71 

3,7 

<0,001 

0,50 

yBH^aHHe 

4,73±0,72 

3,5 

<0,001 

0,47 

CKpyHHBaHHe 

5,16±0,76 

3,1 

<0,001 

0,43 

4)epMeHTai^HH 

5,49±0,77 

2,8 

<0,05 

0,39 

cyniKa 

5,98±0,80 

2,3 

<0,05 

0,34 

nepHbiH nan 

6,31±0,82 

2,1 

<0,05 

0,30 

^HMeHb 

KOHTpOJIb 

3,63±0,64 

- 

- 

- 

HMM 

7,78±0,91 

- 

- 

- 

jiHCTbH 3ejieHoro nan 

4,05±0,65 

3,3 

<0,001 

0,48 

yBH^aHne 

4,35±0,70 

2,9 

<0,001 

0,44 

CKpyHHBaHHe 

4,71±0,72 

2,6 

<0,001 

0,39 

(JiepMeHTaijHH 

4,87±0,73 

2,4 

<0,01 

0,37 

cyniKa 

5,13±0,74 

2,2 

<0,05 

0,34 

nepHbiH nan 

5,41±0,77 

1,9 

<0,05 

0,30 


KaK BH£HO H3 pe3yjII>TaTOB Ta6jIHI^bI 
2 h b 3thx 3KcnepHMeHTax 6bma bbihb- 
jieHa aHTHMyTareHHaa aKTHBHOCTb 3 kc- 
TpaKTOB Haa C pa3JIHHHbIX CTa/JHH TO H 
HX Cn0C06H0CTB HHTH6HpOBaTB HH^yilH- 
pOBaHHyio HMM nacTOTy AX b KjieTKax 
paCTeHHH, OTJIHHaiOmHXCH HaJIHHHeM 
C06CTBeHH0H CHCTeMbI MeTa60JIHHeCK0H 
aKTHBaiiHH. Pe3yjn>TaTbi npOBe/jeHHOH 
cepHH 3KcnepHMeHTOB no^TBep^HjiH Ha- 
JlHHHe TeH^eHIIHH CHHHCeHHH aHTHMyTa- 
reHHOH 3(j)(j)eKTHBHOCTH 3KCTpaKTOB Ha H 
b 3aBHCHMOCTH ot CTa^HH ero TO (3ene- 
HblX JIHCTbeB —> yBH^aHHH —> CKpyHH- 
BaHHH —> (jiepMeHTaiJHH —> CyiHKH —> 
nepHoro nan) totoboto npo/jyKTa. 
Tax, b 3KcnepHMeHTax Ha nmemme, 
3KCTpaKTbi nojiyneHHbie c nepBbix Tpex 
CTa^HH TO npOHBHHH aHTHMyTareHHyio 
3 (J)^)ckthbhocti> b npe/jejiax 50^13%, 
Tor^a xax bh/jho H3 TaOjiHijbi 3(jxj)eK- 

THBHOCTb ,H,eHCTBHH TOTOBOTO HepHOTO 


nan CHH3Hjiaci> /jo 30%. B 3KcnepHMeH- 
Tax, npoBe^eHHbix Ha aHMeHe, TaK)Ke, 
6buia BbiHBJieHa TeH/jeHijHa chh^chhh 

aHTHMyTareHHOH 3(|)(j)eKTHBHOCTH 3KC- 
TpaKTOB naa, nojiyHeHHbix c pa3JiHHHbix 
CTa^HH TO, TaOjiHi^a 2. H3 pe3yjn>TaroB 
3TOH cepHH 3KCnepHMeHTOB BH£HO, HTO 
aHTHMyTareHHaa 3(j)(j)eKTHBHOCTb 3KC- 
TpaKTOB nojiyneHHbix c nepBbix Tpex 
CTa^HH TO cocTaBHjia 48-39%, hto 
T aK5Ke 3HaHHTejibHo HH5Ke 3 thx noKa3a- 
Tejien b 3KcnepHMeHTax Ha nmeHHiie. 
O^HOBpeMeHHO nOBTOpHeTCH H TeH,aeH- 
IIHH CHH5KCHHH 3(j)(j)eKTHBHOCTH aHTH- 
MyTareHHoro ^chctbhh nan Ha nocjie/jy- 
lOHJHX CTa^HHX TO O 30%. TaKHM 06- 
pa30M, nojiyHeHHbie /jaHHbie no3BOJiHiOT 
C^eJiaTb BBIBO# O CnOCOOHOCTH 3KCTpa- 
ktob H3 o6pa3ijoB nan, nojiyHeHHbix c 
pa3JiHHHbix CTa^HH TO npe^OTBpamaTb 
MyTai^HOHHBIH npoijecc, CB5I3aHHbIH c 
noBpe5K^eHHeM CTpyKTypbi /THK. HMM 


MyTareH npuMoro aghctbhh, ^encTByio- 
HIHH 6e3 MeTa6oJIHHeCKOH aKTHBailHH, 
OTHOCHTCH K KJiaCCy BeiljeCTB, KOTOpbie 
pearnpyiOT c HK h npHCoe/jHHHioT k 
ocHOBaHHHM ynieBo/jopo/jHbie pa^HKa- 
jibi [8]. BbimenpHBe^eHHbie /jaHHbie, 
n03B0JIHK)T npe£nOJIO)KHTb, HTO O^HHM 
H3 MexaHH3MOB reH03aiijHTHoro ^enc- 
TBHH H3yneHHbIX B paOOTe 3KCTpaKTOB 
nan, MOHceT 6biTb npe/jOTBpameHHe 
MyTaiiHOHHoro npoijecca CBimHHoro 
c 3aMeHOH nap ocHOBaHHH. C ijejibio 

BbIHBJieHHH (j)H3HOJIOTHHHOCTH, yHHBep- 
cajibHOCTH h MexaHH3Ma ^encTBHH aH- 
THMyTareHHoro ^chctbhh HCCJie/jyeMbix 
b pa6oTe 3KCTpaKTOB nan, xapaKTepH3y- 
lomHxcH npOHBjieHHeM aHTHMyTareHHOH 
aKTHBHO CTH Ha BCeX CTa^HHX TO, B 3K- 
cnepHMeHT 6 biji BOBjieneH ninpOKo pac- 
npocTpaHeHHbiii b OKpy}KaiomeH cpe/je 
npOMyTareH ^MBA. B 3 toh cepHH 3 kc- 
nepHMeHTOB (TaOjiHija 3), npoBe/jeHHbix 
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Tafijinpa 3. 

BjIHHHHe 3KCTpaKT0B H2LH (0,01 MKr/MJl) nOJiyHCHHOrO C pa3JIHHHbIX CTa/JHH TeXHOJlOrHHeCKOH o 6 pa 60 TKH 
Ha nacTOTy aOeppapnii xpomocom HH/jypnpoBaHHbix flMBA (5,5 mMoI) b KjieTKax MepncTeMbi npopocTKOB 

H3 ceMHH miiemmbi h hhmchh 


BapnaHT onBiTa 

A6eppaijHH xpomocom, % 

td 

P 

$3A 

M±m 

IlmeHHiia 

XOHTpOJIB 

3,12±0,64 

- 

- 

- 

AMBA 

6,36±0,82 

- 

- 

- 

jihctbh 3ejieHoro nan 

3,44±0,62 

2,8 

<0,01 

0,46 

yBH^aHHe 

3,67±0,64 

2,6 

<0,01 

0,42 

cxpyHHBaHHe 

3,85±0,66 

2,3 

<0,05 

0,39 

(JiepMeHTaipm 

4,03±0,67 

2,2 

<0,05 

0,37 

cymxa 

4,23±0,69 

1,9 

<0,05 

0,33 

nepHBiH naii 

4,59±0,72 

1,6 

<0,05 

0,28 

^HMeHB 

XOHTpOJIB 

3,63±0,64 

- 

- 

- 

£MEA 

10,35±1,06 

- 

- 

- 

jihctbh 3ejieHoro nan 

4,44±0,70 

4,6 

< 0,001 

0,57 

yBH/jaHHe 

4,73±0,72 

4,3 

< 0,001 

0,54 

cxpyHHBaHHe 

5,17±0,75 

3,9 

< 0,001 

0,50 

4)epMeHTaiiHH 

6,05±0,81 

3,2 

<0,01 

0,42 

cymxa 

6,52±0,84 

2,8 

<0,01 

0,37 

nepHBiH naii 

7,03±0,87 

2,4 

<0,05 

0,32 


coraacHO BBimenpHBeAeHHBiM cxeMaM, 
6 buia ycTaHOBjieHa aHTHMyTareHHan ax- 

THBHOCTB 3XCTpaXTOB HaH H IIO OTHOHie- 
hhk) k MyraijHOHHOMy nponeccy, HH^y- 
I^HpOBaHHOMy 3(})(j)eXTHBHOCTB 

^eHCTBHH KOTOpbIX CHH5XaJiaCB, B TOH 5Xe 
nocjie^OBaTejiBHOCTH, hto h b BBirnen- 
pHBe^eHHbix 3KcnepHMeHTax - 3ejieHBie 
JIHCTBH — > yBH^aHHe — > CKpyHHBaHHe 
— > 4 )e P MeHTai ^ Ha ~ > cyniKa — > HepHbrn 
nan. Pe3yjn>TaTi>i cpaBHHTejiBHOH oi^eH- 
XH aHTHMyTareHHOH 3(})(j)eXTHBHOCTH 
3KCTpaKTOB HaH C pa3JIHHHBIX CTa^HH 

TO (Ta6jiHiiBi 1-3) b npe^OTBpameHHH 

HH^yi^HpOBaHHOTO (J)H3HKO-XHMHHeCKH- 
mh (f>aicropaMH MyTai^HOHHoro npcmec- 
ca BBIHBHJIH BBICOKyiO 3(})(})eXTHBHOCTB 
3KCTpaKTOB C IiepBBIX TpeX CTa^HH TO, 

65-56%. 

Kax OTMenajiocB BBirne, H 3 yHeHHio 
aHTHMyTareHHOH h aHTHxaHijeporeHHOH 


aKTHBHOCTH 3ejieHoro na h nocBHmeHO 
3HaHHTeJIBHOe HHCJIO 3KCnepHMeHTaJIB- 
hbix pa6oT. Tax, aHTHMyTaremiaH ax- 
THBHOCTB BO/JHOrO 3XCTpaXTa H3 3ejieHO- 
ro nan (Camellia sinensis) noxa3aHa Ha 
xyjiBType xjieTOx xHTailcxoro xoMHHxa 
[9]; b CHCTeMe Drosophila melanogas- 
ter; Tax>xe noxa3aHa aHTHMyTareHHan h 
aHTHxaHi^eporeHHan axTHBHOCTB (bo/j- 
Horo) sxcTpaxTa 3eneHoro nan b neneHH 
xpBic [10]. IlojiH(j)eHOJiBi 3eneHoro nan 
HHrH6HpyiOT HH/jyiJHpOBaHHBIH N-hht- 
p03o6HC-(2-oxcHnponHji)-aMHHOM xap- 
iIHHoreHe3 ncwxejiyAOHHOH }xejie3Bi y 
30JI0THCTBIX CHpHHCXHX XOMHHXOB [9]. 
P e 3yjiBT aTBi nccjie^OBaHHH MexaHH3Ma 
reH03amHTHoro fleiiCTBHH OT^ejiBHBix 
MeTa6oJIHTOB (|) eHOJIBHOH HJIH nojnnjie- 
HOJIBHOH npHpO^BI n03B0JIHJIH BBI^BH- 
HyTB npeAnoji05xeHHe, hto b ocHOBe 
(JiyHXI^HOHHpOBaHHH 3THX MexaHH3MOB 


Jie5XHT a^COpOnHH HJIH HHaXTHBailHH 

MyTareHOB npHMoro h xocBeHHoro THna 
^encTBHH [9, 12, 13]; no^aBjieHHe npo- 
i^eccoB MeTaOojiHHecxoH axTHBaijHH 
npOMyTareHOB [13], a Tax>xe HanpaB- 
jieHHan peryjnmmi axTHBHOCTH (jiepMeH- 
TOB nOCTpenjIHXaTHBHOH [14] h 3xch;h- 
3hohhoh [15; 16] penapai^HH. Tax>xe, 
ycTaHOBjieHO, hto b ochobc MexaHH3Ma 
reH03amHTHoro ^eHCTBHH ot^cjibhbix 
M eTa6ojiHTOB h ^epMeHTOB nan jioxar 
MexaHHHecxne noniomaiomHe CBOHCTBa 
X XOTOpBIM OTHOCHT XaTeXHHBI, TaHHHBI. 
CpaBHeHHe sxcTpaxTOB h nojin^eHOJiOB 
3eneHoro h nepHoro nan noxa3ajiH, hto 
OHH HMeiOT npaXTHHeCXH O^HHaXOBO 
nOJie3HBIH 3(j)(j)eXT £JIH 3£OpOBBH [10]. 
^aHHBIH JIHCT CO^ep5XHT CHJIBHBie aH- 
THOXCH^aHTHBie nOJIH(j)eHOJIBI, Taxne 
xax onHrajuioxaTexHH ramiaT (3TKT) h 
(j^epMeHT nojiH(J)eHOJioxcH^a3y. 
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B HacToamen pa6oTe, b oTjiHHHe ot 
H3BecTHtix, BnepBbie H3yneHO BjinaHne 
npopecca TexHOnornnecKOH o6pa6oTKH 
nan Ha coxpaHeHHe ero reH03amHTHbix 

CBOHCTB H 3(j)(j)eKTHBHOCTb aHTHMyTa- 
reHHoro fleiicTBHH 3KCTpaKTOB c pa3JiHH- 
hbix CTa^HH ero o6pa6oTKH. 

Ilpopecc CTa^HH TO nan ot 3ejie- 
Horo #0 nepHoro nan cnoco6cTByeT 
CHH)KeHHK) ero aHTHMyTareHHon 3(j)- 
(J)eKTHBHOCTH (A3) npH MO^H(j)HKaiIHH 
HMH B £03e 0,0lMKr/MJI MyTaiJHOHHOrO 
npopecca HH^yiinpOBaHHoro MyTareHa- 
MH B KJieTKaX MepHCTeMBI nepBHHHbIX 
KopeniKOB nmeHHiibi h HHMemi b nocne- 
^OBaTejibHOCTH: 3ejieHbiH nan > yBH/ja- 
HHe > CKpyHHBaHHe > (jiepMeHTaipui > 
cyrnica > nepHbiH nan. AHTHMyrareHHaH 
3(j)(J)eKTHBH0CTb 3ejieHoro na h Ha 3Ta- 
nax TO b KjieTKax MepHCTeMbi Kopern- 
kob nmeHHi^bi h hhmchh npeBbicnjia A3 
nepHoro nan npH ^chctbhh TJI coot- 
BeTCTBeHHO Ha 25 h 24%; HMM Ha 20 h 
18%; AMEA Ha 18 h25%. 

Bbieoxbi: 

1 . H3yneHO BjiHHHHe npoijeeca Tex- 
HOJiorHnecKOH o6pa6oTKH nan Ha co- 
xpaHeHHe ero reH03aHtHTHbix cbohctb 
h 3(j)^)eKTHBH0CTb aHTHMyTareHHoro 
^eHCTBHa 3KCTpaKTOB C pa3JIHHHbIX CTa- 
r hh ero o6pa6oTKH b KjieTKax nmeHHijbi 
h HUMeira, ycTaHOBjieHa hx aHTHMyra- 
reHHaa aKTHBHOCTb. 

2. CpaBHHTejibHaa oijemca aHTHMy- 
TareHHOH 3(j)(j)eKTHBHOCTH 3KCTpaKTOB 
na h, nojiyneHHbix c pa3JiHHHbix CTa^HH 
ero TexHOJiorHHecKoii o6pa6oTKH bbi- 
flBHJia BblCOKyiO 3(j)(j)eKTHBHOCTb 3KC- 
TpaKTa H3 jiHCTbeB 3ejieHoro na h. 

3. AHTHMyTareHHoe ^eHCTBHe bo/j- 
HO-cnHpTOBbix 3KCTpaKTOB nan, c o6pa3- 
h,ob, nojiyneHHbix c pa3JiHHHbix CTa^HH 
ero TexHOJiorHHecKOH o6pa6oTKH ye- 
TaHOBjieHo b OTHomeHHH MyTareHHbix 
(J)aKTOpOB, HH^yi^HpyiOH^HX pa3JIHHHbie 
THnbi noBpe}K^eHHH /]HK, b tom HHCJie: 
raMMa-jiyneii; HHTp030MeTHjiM0HeBHHbi 
- HMM h ^HMeTHji6eH3 (a) aHTpaijeHa 

Wmba). 

4. AHTHMyTareHHaa aKTHBHOCTb 
3KCTpaKTOB na h hocht Hecneipi(|)HHec- 
khh xapaKTep, npoaBjiaacb BHe 3aBHCH- 

MOCTH OT THna ^eHCTBHa XHMHHeCKHX 

MyTareHOB h CBH/jeTejibCTByeT o npo- 
aBjieHHH hx reH03amHTHbix cbohctb Ha 
pa3Hbix 3Tanax (JiopMHpOBaHHH h pa3BH- 
THH MyTaH,HOHHbIX COObITHH. 
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IloKa 3 aHO, hto npn nepeceueHHH Tpemnnon CKOJia rpamiuBi nc- 
KyCCTBeHHO BBeaeHHOH H 3 aTeM COCTapeHHOH nOJIOCBI CKOJIB^CeHHB 
no {110}, b KpncTajuiax LiF, CKOpocTt pacnpocTpaHemw TpemuHti 
H 3 MeHaeTca b cpaBHeHnn c toh >Ke BejinHHHon npn nepeceneHnn eio 
CBOKen noaocBi CKOJit^ceHna. OTjinnaeTca, tslk )Ke, pejibecJ) noBepx- 
HOCTH CKOJia B nepBOM H BTOpOM CJiyuaBX. YCTaHOBJieHBI npHHHHBI 
H 3 MeHeHHB CKOpOCTH TpeiUHffl>I H pa 3 JIHHHB pejlte^a nOBepXHOCTH 
CKOJia. 

RjiioueBbie cjiOBa: nojioca CKOJit^ceHna, Tpemnna CKOJia, cko- 
pocTt pacnpocTpaHeHHa, KpaeBBie /mcJiOKaunn, npnMecHtie n tohch- 
Htie ae^eKTti, KOHueHTpaunn. 

Conference participants, National championship 
in scientific analytics, Open European and Asian 
research analytics championship 

eijiexTBi rana jjbohhhxob, rpaHHH 
3epeH, HHOpOJJHBIX BXJHOHCHHH, 
nonoc EpHJuiHaHTOBa-06peHMOBa, no- 
jioc c6poca, moxOjiohhbix rpaHHii, h Tax 

flajiee, HBJIHIOTCH HCTOHHHXaMH BHyT- 
peHHHx HanpiDKeHHH b MaTepHane, hto 
B jiHneT Ha pacnpocTpaHeHHe TpemHH 
[1]. IIpH 3 tom pa3pymeHHe cnoco6HO 
yCKOpHTBCH, 3aMe^JIHTBCH HJIH OCTa- 
HaBJIHBaTBCH BOBCe B 3aBHCHMOCTH OT 
xapaKTepa h bcjihhhhbi ynpyrnx Hanpa- 
5KeHHH, a Taioice ot np oth}xchho cth 06- 
jiacTefi hx jiOKajm3aii,HH. 

TaxHM o6pa30M, TpemHHa o6jia- 

^aeT BBICOXOH HyBCTBHTeJIBHO CTBK) KO 

bchkoto po/ja jjeijiexTaM MaTepnana, 

KOTOpBie b cbok) OHepejjB, BO MHOTOM 
onpe^ejimoT ero MexaHHHecxHe cbohc- 
TBa. Cjie^OBaTejiBHO TpemHHy mo>xho 
H cnojiB30BaTB b xanecTBe HHCTpyMeHTa, 
a o/jHH H3 ee napaMeTpoB - ckopoctb 
pacnpocTpaHeHHH, b xanecTBe xpHTepHii 
£JIH OIieHKH H3MCHCHHH MCXaHHHCCXHX 
CBOHCTB MaTepHaJia B JI0KaJIH30BaHHBIX 
o6jiacTHx. 

Pa6oTa nocBHiiieHa cpaBHeHHio xa- 
uecTBeHHOH oijeHXH MexaHHuecxHx 
cbohctb Maxpoo6jiacTeH xpncTajuia c 
HCXyCCTBeHHO BBe^eHHBIMH nOJIOCaMH 
cxojiB5xeHHH no {110} (cBOxeii h cocTa- 
peHHOH) CO CBOHCTBaMH He/je(j)OpMHpO- 
BaHHBIX 30H [2] MCTOJJOM (})HXCHpOBaHHH 
pa3pymeHHH xpHCTajuia no nnocxocTH 
cnaiiHOCTH. 

^JIH HCCJie/JOBaHHH HCn0JIB30BaJIH 
MOHOxpHCTajuiBi LiF c xoHiieHTpaHHen 
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B3AHMO^EHCTBHE TPEIH,HH CKOJIA 
C nOJIOCAMH CKOJUMHHJI 
B niEJIOHHOTAJIOH^HBIX KPHCTAJIJIAX 

OeaopOB B.A. 1 , floxTop (j)H3.-MaT. Hayx, npotjieccop 
KapBieB Jl.L 2 , xaHjj. (j)H3.-Mar. Hayx, aoijeHT 
Hobhxob B.n. 3 , CTyaeHT 
TaM6oBCXHH rocyaapCTBeHHBiii yHHBepCHTeT 
hm. r.P. flepnaBHHa, Pocchr 1 

TiOMeHCXHH rocyaapcTBeHHBiii He(j)Tera30BBiH yHHBepCHTeT, 

PoCCHR 2,3 

IIoKa 3 aHO, hto npn nepeceneHnn Tpemnnon CKOJia rpaHnuti nc- 
KyccTBeHHO BBeaeHHon n 3 aTeM COCTapeHHOH nojiocti CKOjn>)KeHHa 
no {110}, b KpncTajuiax LiF, ckopoctb pacnpocTpaHeHna TpemnHti 
H 3 MeHaeTca b cpaBHeHnn c toh >Ke BejinunHon npn nepeceneHnn eio 
CBe^cen nojiocti CKOJit^ceHna. OTjinnaeTca, tslk >Ke, pejite^) noBepx- 
HOCTH CKOJia B nepBOM H BTOpOM CJiyHaHX. yCTaHOBJieHBI npHHHHBI 
H 3 MeHeHHB CKOpOCTH TpeiUHHBI H pa 3 JIHHHH pejlbe^a nOBepXHOCTH 
CKOJia. 

KjHoneBbie cjiOBa: nojioca CKOJit^ceHna, TpemnHa CKOJia, ckopoctb 
pacnpocTpaHeHHa, KpaeBBie /mcjiOKaunn, npnMecHtie n ToneHHtie 
aecJjeKTbi, KOHueHTpaunn. 

YnacTHUKH KOH^epeHunn, HaunoHajiBHoro nepBeHCTBa 

no HayHHon aHajiHTHKe, Otkpbitoto EBponencKO-A 3 naTCKoro 
nepBeHCTBa no HaynHon aHajiHTHKe 


npHMecen 10 3 Bee. %. H3 xpynHBix 6 jio- 
xob BBixajiBmajiH o6pa3HBi pa3MepaMH 
16x5x3 mm. B xpHCTajui bbo^hjih no- 
JIOCBI CBOXHX XpaeBBIX [3] JJHCJIOXaiJHH 
(p ~ 2-10 6 CM -2 ). CBOXHe JJHCJIOXaiJHH 
cocTapHBajin npn T = 373 K b TeneHne 
48 nacoB [4]. Oxjia^ajin o6pa3ijBi Ha 
B03nyxe. ^HCJioxaiiHOHHyio CTpyxiypy 
BBIHBJIHJIH MeTOJIOM XHMHHeCXOTO TpaB- 
jieHHH. B 3xcnepnMeHTax HcnojiB30Bajin 
ycTaHOBxy COP-1M h MeTO^nxy, onn- 
caHHyio b [1]. 
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npn pa6oTe ycTaHOBXH b poxHMe 
jiynBi BpeMeHH 6 bijih nojiyneHBi xh- 
HOXa^pBI, HJIJIIOCTpHpyiOIHHe H3MCHe- 
Hne nojien HanpiDxeHnn b xpHCTajuie 
npn npoxo5x^eHHH TpemnHon nojiocBi 
CXOJIB5XCHHH (pHC. 1). Bh/JHO, HTO B3a- 
HMO^eHCTBne nojieH HanpioxeHHH Tpe- 
ihhhbi n nojiocBi cxojiB5xeHHH b cjiyuae 
CBOxeii n COCTapeHHOH nonoc cxojiB5xe- 
HHH HaHHHaJIOCB R O TOTO, XaX TpdHHHa 

nepecexjia nojiocy cxojib5xchhh, othct- 
JIHBO npOCJIOXHBaeTCH aHHHTHJIHHHH 

5 3 1 
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Phc. 1 . B 3 aHMOAeiiCTBHe TpemHHbi CKOJia c HecocTapeHHofi (a) 
h COCTapeHHOH ( 6 ) nojiocoii ckojib^kchhh no {110}, LiF (10 -3 eec. %) 




OKHMaiomnx Hanp5DKeHHH Ha rpaHHim 
nOJIOC CKOJIb)KeHHJL 

O^HaKO, aHajiH3 perncTporpaMM 
npoijecca pa3pymeHna noKa3biBaeT, hto 
CBOKaa nonoca CKOJiDKeHHfl b OojibineH 
CTeneHH bjihhct Ha cicopocTB TpemHHbl, 
neM cocTapeHHaa (pnc. 2). HanpHMep, 
npH nnoTHOCTH /jHCJioicaijHH b nonocax 
CKOJIb5KCHHH ~ 10 7 CM 2 H3MeHeHHe CKO- 
pOCTH TpemHHbl b o6jiacTH aKKOMO^a- 
h,hh CBe^cen nojiocbi CKOJib5KeHHH npe- 
BblCHJIO B 5 pa3 H3MeHeHHe CKOpOCTH B 
toh }Ke o6jiacTH b cocTapeHHOH nojioce 
CKOJIb5KCHHH . BHe 30H aKKOMO^ai^HH CKO- 

pocTb TpentHHbi 6bma b o6ohx cjiynanx 
O^HHaKOBOH H COOTBCTCTBOBaJia CKOpO- 
CTH Hanajia npoijecca pa3pymeHHH. 

B o6ohx cjiynanx npoBe^eHbi (})paK- 
Torpa4)HHecKHe HCCJie^OBaHHa noBepx- 
1 


hocth CKOJia. Ha cKOJie, nepecexaiomeM 
CBOKyio nojiocy CKOJib5KeHHH, HaOjiio/ja- 

jih MHoroHHCJieHHbie CTyneHbKH. npH 
nepeceHeHHH TpeimiHOH cocTapeHHOH 
nojiocbi CKOJib5KeHH5i H3MeHeHHe pejib- 
e(J)a b 6ojibHiHHCTBe cjiynaeB He3HanH- 
TejibHoe (pnc. 3). 

B HeKOTOpbix onbiTax co cbokch 
nojiocoH CKOJib)KeHHa /mH^Kymanca Tpe- 
HtHHa nepexo^Hjia H3 hjiockocth cnan- 

HOCTH B nJIOCKOCTb nOJIOCbl CKOJIb)KeHHH 

{110}, nero He HaOjuo^ajiocb b OKcnepH- 
MeHTax c cocTapeHHOH nojiocoH ckojib- 
)kchhh, npH npOHHx paBHbix ycjiOBHax. 
nepexofl TpemHHbi b nuocKOCTb ckojib- 
)kchhh HMeeT mccto jihhib npH o^ho- 
BpeMeHHOH 3BOJHOH,HH nojiocbi c^BHra. 
OnncaHHbie pa3JiHHHfl mo>kho o6bac- 

HHTb TCM, HTO npHMCCH H TOHCHHbie 

I 2 I 1 



6 ) 


Phc. 2. HenpepbiBHan pa3eepTKa npopecca B3anMO/jeiiCTBHsi TpemHHbl 
c nojiocoii cKOJib^ceHHH (p ~ 310 7 cm -2 ): a - cbokch, 6 - cocTapeHHOH. 

1 - HeAe^opMHpoBaHHbiH ynacTOK KpncTajnia, 

2 - /je(|)opMHpoBaHHbiH ynacTOK KpncTajnia 



Phc. 3. IIoBepxHOCTH CKOJia LiF (10 -3 Bee. %), nepeceKiuero npe/mapHTejibHO 
BBe^eHHbie b KpncTajui nojiocbi civO.ib/Keima no {110}; a - cocTapeHHbie, 

6 - CBeacne. IIlTpHxaMH OTMeneHbi ipammhi nojiocbi CKOJib^KCHnn 
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fleijieKTbi, KOHijeHTpHpyflCb b npoijecce 

COCTapHBaHHH B oOjiaCTH nOJIOCbl CKOJIb- 
5KeHHH (oco6eHHO b oOjiacTH ee rpaHHij) 
KOCBCHHO B03^eHCTByi0T Ha TpemHHy, 
noHH5Kaa ypoBeHb HanpuHceHHH 3a cneT 
o6pa30BaHHH Ha /mcjiOKaimax npHMec- 
hmx amoc(j)ep. BbiCTynan, TaK^ce, b 
pojiH CTonopOB ^HCJiOKai^HH, ohh cno- 
C06HbI oOjierHHTb ^BH}KeHHe TpemHHbl 
b KpHCTajuie CKB03b nojiocy. 

TaKHM o6pa30M, MaKpOOOjiaCTb KpHC- 
TaJIJia, HBJDIIOmaHCH JI0KaJIH30BaHHbIM 
MH05KCCTB0M KpaeBbIX ^HCJIOKai^HH, 06- 
peMeHeHHbix npHMe chbimh h tohchheimh 
^ e(})eKTaMH, npoaBjiaeT HHbie MexaHH- 
necKHe CBOHCTBa b cjiynae B3aHMOfleiic- 
TBHH C Hen pa3BHBaK>meHCH TpemHHbl 
CKOJia, no cpaBHeHHK) c MexaHHHecKH- 
mh CBOHCTBaMH oOjiacTeii KpHCTaJIJia CO 
CBOKHMH KpaeBbIMH ^HCJIOKailHHMH, HJIH 
CBoOo^HbiMH ot jmcjiOKaimH ynacTOMH, 
to ecTb oOjiacTeii c jiOKajibHO MeHbineH 
KOHi^eHTpai^Hen npHMeceH h ToneHHbix 
/m(j)eKTOB. 3 to Bbipa5KaeTca b H3MeHe- 
hhh ckopocth TpemHHbl CKOJia npH ne- 
peceHeHHH eio rpaHHimi HCKyccTBeHHO 
BBe/jeHHoii h 3aTeM cocTapeHHOH nojiocbi 
CKOJIb)KeHHH no {110} B CpaBHeHHH C TOH 
)Ke BejiHHHHoii npH nepeceHeHHH Tpeirm- 
hoh CBOKeii nojiocbi ckojibhcchiih (npH 
npOHHX paBHbix yCJIOBHHX) H pa3JIHHHH 
pejibetjia noBepxHOCTH CKOJia, npornem 
rnero nepe3 HCKyccTBeHHO BBe^eHHyio, 
CBOKyio h cocTapeHHyio, nojiocy ckojib- 
5KCHHH KpaeBbIX flHCJIOKai^HH. 
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EXPERIMENTAL DETERMINATION 
OF THE DEPENDENCE OF SPEED 
OF THE DYE MASS-TRANSFER IN THE 
FLAT HORIZONTAL LAYER OF LIQUID 
ON THE LAYER THICKNESS AT 
VARIOUS BOUNDARY CONDITIONS 

Ya. Krasnoperov, postgraduate student 
M. Sklyarenko, Candidate of Technical sciences, Senior Lecturer 
Perm State National Research University, Russia 

In our previous article we discovered convection in thin horizontal 
flat water layer when we put a drop of dye water solution. We measured 
dye’s mass-transfer speed and found out that effective diffusivity is 
decreased proportionally to layer thickness. Convective mass-transfer 
is almost eliminated in 0,5 mm layer. 


Keywords: diffusion, convection, optical methods, identification, 
mass-transfer. 

Conference participants, National championship 
in scientific analytics, Open European and Asian 
research analytics championship 

B eeAeHHe. Hccjie/jOBaHHH npoijeccoB MacconepeHoca b 
pa3JiHHHbix cpe/jax HipaiOT Ba^cHyio pojn> /pin oiithmh- 
3aiIHH TeXHOJIOTHH XHMHHeCKOTO npOH3BO/JCTBa, B nffllieBOH, 
TCKCTHJIBHOH IIpOMBIHDieHHOCTH, B Me^HIJHHe. ElOHBJieHHe 
ipujipoBBix (jxyroicaMep c bbicokhm pa3pemeHHeM npe/jocTaBH- 
JIO B03M05KH0CTB IIOJiyHeHHH TOHHBIX /jaHHBIX O KOHUeHTpapHH 

AH$$y3aHTa b reason to nxe (none KOHpeHTpaimH) no apico- 
cth OKpameHHoro pacTBOpa. 

B CTaTBe aBTOpOB [1] onncBiBaeTcn nccne^OBaHne npopec- 
ca OKpameHHBix BemecTB b nnocxoM ropH30HTajiB- 

HOM CJIOe 5KH,ZJKOCTH B OTKpBITOH HHCHKe TOJimHHOH 1.6 MM. 
B pe3yjiBTaTe 3KcnepHMeHTOB OKa3anocB, hto 3(j)(j)eKTHBHBiH 
K03(j)(j)HimeHT flmjMt>y3HH 6ojiee neM Ha nopn^OK npeBOC- 
xo^ht 3HaneHne K03(J)(^Hn,HeHTa MOJieKyjinpHOH £H(j)(|)y3HH. 
Ebuia BBi^BHHyTa rnnoTe3a o tom, hto 3to OTKjiOHeHne BBi3Ba- 
HO HaJIHHHeM KOHBeKTHBHBIM nOTOKOB. HaJIHHHe KOHBeKHHH 

KanecTBeHHO no/jTBep/mnocB nyTeM ^o6aBjieHHH b 5kh/jkoctb 
ajnoMHHneBOH ny^pBi, KOTOpan BH3yajiH3HpOBana MaxpocKO- 
nnuecKoe /jBHHceHHe. Tax)xe nyTeM aHamusa ^HHaMHKH co6c- 

TBeHHBIX MO/J 3a,ZjaHH B paMKaX JIHHeHHOH MO^eJIH [i] 6 bijio 
BB iHBJieHo Hannune KOJie6arejiBHBix Mom exopee Bcero, coot- 
BeTCTByiomnx KOHBeKTHBHOMy MacconepeHOcy. 

Cnny KOHBeKiinn mo>kho yMeHBmnTB nocpe^CTBOM nc- 
n0JIB30BaHHH 3aKpBITOH HHCHXH, n03B0JIHK>meH yCTpaHHTB 
B03M0)KHBie nOBepXHOCTHBie MexaHH3MBI reHepailHH XOHBeX- 
THBHBIX nOTOKOB H yBeJIHHHTB ^HCCHnailHIO KOHBeKTHBHBIX 
nOTOKOB 3a cneT ^onojiHHTejiBHon noBepxHOCTH. KoHBeximio 
MoncHO Tax>xe ocjia6nTB nyTeM yMeHBineHRH tojiiiihhbi cjioh 

5XH/JXOCTH. 

IJejiBio ^aHHon pa6oTBi hbjihctch sxcnepHMeHTajiBHoe nc- 
cne/jOBaHHe 3aBncnMOCTn ckopocth MacconepeHoca xpacHTe- 

JIH B njIOCKOM r0pH30HTaJIBH0M CJIOe 5KH/JKOCTH, HaXO^HmeHCH 
npn pa3JIHHHBIX rpaHHHHBIX yCJIOBHHX OT TOJimHHBI CJIOH MC- 
TO/JOM HH(J)pOBOH (jjOTOCBCMXH. 

OnncaHHe ycTaHOBKH. ^jih sxcnepHMeHTOB 6 bijih H3ro- 
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3KCnEPHMEHTAJIBHOE OnPE^EJIEHHE 
3ABHCHMOCTH CKOPOCTH 
MACCOnEPEHOCA KPACHTEJIH 
B njIOCKOM r0PH30HTAJIbH0M CJIOE 
)KH£KOCTH OT TOJIUIHHBI CJIOH nPH 
PA3JIHHHBIX rPAHHHHbIX YCJIOBHHX 

KpacHonepoB SL.K, acnnpaHT 

CxjwpeHxo M.C., xaHju TexH. Hayx, CTapimiH npenoflaBarejiB 
IlepMCKHH rOCynapCTBeHHBIH HaUHOHaJIBHBIH 
HCCJieaOBaTeJIBCKHH yHHBepCHTeT, Pocchh 

Kax noKa 3 aHO b Hamen npenbinymen Harnen padoTe npn no- 
MenieHHH Kannn Bojmoro pacTBOpa KpacnTejia b ropH 30 HTajn>HBiH 
njiocKHH cjioh BOABI HadjifonaeTca KOHBeKuna. B padoTe npnBenem>i 
pe 3 yjn>TaTbi HccjienoBaHna 3 aBHCHMOCTH ckopocth MacconepeHoca 
ot tojiiuhhbi cjioh. OdHapy^eHO, hto 3 c|)c|)eKTHBHbin K 03 (})c})HimeHT 
jm4>4>y3HH ydbiBaeT nponopunoHajibHO yMeHtineHnio TOJinmHbi cjioh. 
npn TOJTUIHHe MeHee 0,5 MM KOHBeKTHBHBie 3 (|)(|)CKTbI npaKTHHeCKH 
OTCyTCTByiOT. 

KjnoHeBbie cjiOBa: miclicliyina, KOHBeKuna, onTHHecxne MeTonti, 
nneHTH^HKauna, MacconepeHoe. 

YHaCTHHKH KOH(J)epeHUHH, HaUHOHaJIBHOTO nepBeHCTBa 
no HayHHon aHajiHTHKe, Otkpbitoto EBponencKO-A3naTCKoro 
nepBeHCTBa no HayHHon aHajiHTHKe 

TOBjieHBi 5 3aKpBiTBix Hneex. ropH30HTajiBHBin pa3Mep HHeeK 
cocTaBjiHji 5x5 cm 2 . ^InenKH (cm. pnc.l) 6 bijih H3roTOBjieHBi H3 
Tpex nacTen: CTexjiHHHoro ocHOBaHHH, paMBi n CTexjiHHHOH 
KpBIIHKH, CKJieeHHBIX MOX/jy C060H HHHOaKpHJiaTHBIM KJieeM 
(«cynepKjien»). 5 Ihchxh OTHnnajincB tojiihhhoh paMBi, H3ro- 
TOBJieHHOH H3 HCCKOJIBKHX CJIOCB CaMOKJieHIHCHCH nOJIH3CTe- 
pOBOH njieHKH TOJimHHOH 100 MKM. TaKHM 06pa30M, M05XH0 
6BIJIO H3MCHHTB BBICOTy CJIOH 5KH/JKOCTH, KOTOpaH COCTaBJIHJia 

b 3aKpBiTBix Hneincax 0.5, 0.7, 1, 1.4 n 2 mm. B CTexjiHHHOH 
KpBimKe Ka5K^on HHeincn 6 bijih npocBepjieHBi 5 OTBepCTnn 
^naMeTpOM 2 mm: 4 no KpaHM n o^ho b neHTpe. Taxan kohc- 
TpyKHHH no3BOJinjia H36e5KaTB HenojiHoro 3anojiHeHHH hhchkh 
}KH^KOCTBIO BCJie^CTBHC B03HHKHOBeHHH KanHJIJIHpHBIX 3(J)- 
4)eKTOB, npenHTCTByiomHx BBiTecHeHHio B03^yxa. 

YcTaHOBKa ^jih HaOjno^eHHH nojin KomieHTpaHnn (cm. 
pnc. 2) cocTomia H3 mTaTHBa 2, ycTaHOBjieHHoro Ha jia6opa- 
TopHOM CTOJie 1, Ha kotopom nocjie/jOBarejiBHO 3aKpenjnuiHCB 
HCTOHHHK CBCTa 6, nOJiynp03paHHBIH CBeTOpaCCeHBaiOmHH 
3KpaH 3, HneiiKa 4 h hh^poboh (j)OToannapar 5. Hctohhhkom 
CB eTa cjiy}KHji CBepxBHpKHH OejiBin cbcto^hoa 3HPD-3 co 

CBeTOBBIM nOTOKOM 150 JIM, a 3KpaHOM - 2 JIHCTa MOJIOHHOTO 
CBeTopacceHBaiomero CTexjia tojhhhhoh 3 mm Ka^oe. 



8 CM 

Phc. 1. ^neiiKa H3MepeHHH 





5 

TJ 





2 






Phc. 2. YcTaHOBKa ajih n3MepeHHH nojin KOHueHTpauHH 

MeTO^HKa H3MepeHHH KOHU,CHTpai],HH. jih H3MepeHH^ 
nojia KOHiieHTpai^HH b nnocKOM cnoe tkh/jkocth b KanecTBe 
flH$$y3aHTa ncnojii>3yK)Tca BenjecTBa, /jaioiipie iibcthoh pac- 
TBop. HanpHMep, 3 to MoryT 6 bitb aHHjiHHOBBie hjih ^pyrne 
BO^OpaCTBOpHMBie KpaCHTeJIH. Hto6bI HCn0JIB30BaTb MeTO^ 
IJH(j)pOBOH (J)OTOCBeMKH /JJIH H3MepeHHH nOJIfl KOHLjeHTpaiJHH, 
Heo6xO^HMO CB5I3aTB HpKOCTB H306pa5KeHHH C ero KOHIjeHTpa- 
u,HeH, to ecTB nonyHHTB rpa^ynpoBOHHyio KpHByio. 

J\im nojiyneHHfl o^hoh tohkh rpa^ynpOBOHHOH KpHBOH b 
aneHKy, ycTaHOBjieHHyio Ha 6ejiOM hjih cepoM (j)OHe, noMenja- 
K)T TOHKHH CJIOH (0.5-2. 5 MM) paCTBOpa H3BeCTHOH KOHIieH- 
Tpai^HH H OCyHteCTBJI5HOT (j)OTOTpa(j)HpOBaHHe HHCHKH. rtpH 
3tom TOJiuxHHa cjioh ^ojDKHa 6bitb o^HHaKOBOH KaK npH rpa- 
^ynpOBKe, Tax h npH /jajiBHeifflieM H3MepeHHH KOHijeHTpaipiH 
B OCHOBHOM 3KCnepHMeHTe. J\jlK yMeHBHieHH^ ypOBHH HiyMOB 
Ha H3o6pa)KeHHH ajih ero o6pa6oTKH npHMeHHioTCfl pa3JiHH- 
HBie ^HJiBTpBi, HanpHMep, (jmjiBTp Taycca [2]. no H3o6pa5Ke- 
hhk) onpe/jejineTCH cpe/jHHH no nHKcejiHM hpkoctb paCTBOpa. 
^pKOCTB nHKcejia B mo>kho onpe^ejiaTB kslk: 



r^e I - HHTeHCHBHOCTH KOMnOHeHT B npOCTpaHCTBe RGB, 
hjih B = V, pzje V - 3HaneHHe apKOCTH b npOCTpaHCTBe 
HSV[2]. J\jl% HCKJHOHeHHH 3aBHCHMOCTH OT apKOCTH OCBe- 
THTeJIH (oCBeTHTeJieH) BBO^HTCH OTHOCHTeJIBHaa HpKOCTB 
SB = BJB bi B d - apKOCTB paCTBOpa, B b - cpe^Haa hpkoctb 
4)OHa. rtoA 4 )0H0M noHHMaeTCn 3TajiOHHBiH oOneKT (HanpH- 
Mep, jihct 6ejion OyMara), pacnoji05KeHHBm Ha tom mq ica/jpe, 
hto h uneHKa. B ^ajiBHeinneM 6yzjeM onepnpoBaTB hmchho 
OTHOCHTeJIBHOH HpKOCTBIO SB. 

Ha pHC. 3 nOKa3aHBI 3aBHCHMOCTH OTHOCHTeJIBHOH apKO- 
CTH paCTBOpa OT KOHLjeHTpaiJHH RJUL pa3JIHHHBIX Hneeic, nojiy- 
neHHBie BBimeH3Ji05KeHHBiM MeTO^OM. B KanecTBe KpacHTejin 
HcnojiB30Bajicn ajiBiii TKaHeBBiii KpacHTejiB (TY 2389-010- 
44297874-2000), b xanecTBe pacTBOpHTejin - /jHCTHJuiHpOBaH- 
Han Bo/ja. 

J\im aneex (pnc. 3) tojihpihoh 0.5, 0.7, 1, 1.4, 2 mm 6bijih 
H cnojiB30BaHBi cjie^yiomHe annpoiccHMHpyiomHe KpHBBie co- 
OTBeTCTBeHHO: 

c(55) = -0,2831n(0,407 • 55)%, 
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c(55) = -0,1011n(0,972 • 55)%, 
c(55) = -0,1791n(0,429 • 55)%, 
c(55) = -0,0681n(l,05 • 55)%, 
c(SB) = -0,1 161n(0,443 • 55)%. 


KpHBBie ^JIH 0.7 MM H 1.4 MM pacnojio)KeHBi b oOjiacTH 6o- 
jiee hh3khx £Hana30HOB hpkocth, t.k. npH (J)OTorpa(j)HpOBaHHH 
^aHHBix aneeK noMemajica /jpyron (Jiohobbih o6bckt, othoch- 
TeJIBHO KOTOpOrO H3MepHJiaCB apKOCTB paCTBOpa. 

Onpe^ejieHHe ckopocth MacconepeHOca. fl,jni H3Mepe- 
hhh ckopocth MacconepeHOca KanjiH KpacHTejin b njiocKOM 
ejioe bo/jbi b ijeHTp HneiiKH noMenjajiHCB paBHBie no njioma/jH 
xanjiH 0,1% paCTBOpa ajioro TKaHeBoro KpacHTejra h b Tene- 
HHe 30-60 mhh. (jiOTorpaijmpoBajiCH npoi^ecc pocTa ,n,n(J)(J)y- 
3HOHHOrO nuTHa. 

ffjia KOJinne CTBeHHoii ou,eHKH ckopocth MacconepeHOca 
OTCJie5KHBaJiaCB 3BOJIIOIIHH pa3MepOB ^H4)(f)y3HOHHOrO nHTHa. 
B KanecTBe xapaicrepHoro pa3Mepa HcnojiB30BajicH cpe^HHH 
pa^nyc r, onpe^ejineMBiii nyTeM ycpe^HeHHH no njioma^H 
xa^pa c BecaMH, paBHBiMH 3HaneHHio KOHijeHTpai^HH b 3a^aH- 
HBIX TOHKax: 



i j 


(1) 


r,ne i = 1,2, ..., N,N — pa3Mep hhchkh b nHKcejnix H3o6pa5Ke- 
hhh, c - MaccoBaa KOHneHTpamia b tohkc (ij), r.. - paccToa- 
HHe ot ijeHTpa nuraa #o tohkh {ij). 

B peajiBHBix OKcnepHMeHTax oneHB cjio)kho C03^aTB to- 
nenHBie HanajiBHBie ycjiOBHH. npH BBe^eHHH xanjiH OHa He- 
H36e5KHO pa3MBiBaeTCH, 6yzjeM annpoKCHMHpoBaTB ee rayeeo- 
bbim nuTHOM. npH 3 tom nojie KOHiieHTpai^HH 6y^eT pemeHHeM 
cjie^yiomeii rpaHHHHoii 3a,qaHH: 

sc -y 

— = DAc , c(r,t = 0) = c 0 e r ° 4 , c(r ~^coj) = 0, 
dt 

r^e r Q , c Q - HanajiBHBiH cpe^HHH pa^nyc nuTHa h KOHijeHTpa- 
Hhh KpacHTejin b i^eHTpe nuTHa. B pa6oTe [3] noKa3aHO, hto b 
^ aHHOM cjiynae 

r 2 - r 0 2 - 7 iDt. (2) 


C,% 



Phc. 3. 3aeHCHMOCTb ivOimein paium ot OTHOCHTejibHoii 
npKOCTH pacTBopa 
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IlyTeM CpaBHeHHH 3KCnepHMeHTaJIbH0H 3aBHCHMOCTH pa3- 
hhi^bi KBa^paTOB epe/mero pajmyca h HanajibHoro epe/mero 
pa^nyca c jihhchhoh TeopeTHHeexon 3aBHCHMocTbio ( 2 ) mo}k- 

HO no CXO,ZJHMOCTH/paCXO£HMOCTH KpHBbIX Cy^HTb O HaJIHHHH 
He^n4)4)y3HOHHbIX 3(J)(J)eKTOB, a TaiOKe OII,eHHTb 3(j)(f)eKTHBHbIH 
K03(J)(J)HiiHeHT ^H$$y3HH, KOTOpbiH 6yneT OnHCbIBaTb CKO- 
pocTb MacconepeHoca. 

3aBHCHMOCTb 3$$eKTHBHOrO K03(|)(|)HIJHeHTa ^H$$y- 
3 hh ot TOJimHHbi. B pa6oTe [ 1 ] 6bmo ^OKa3aHO Hajinnne koh- 
BeKTHBHbix 3(J)(J)eKTOB npH MacconepeHOce xanjin xpacHTejia b 
njIOCKOH OTKpbITOH flHCHKe. HaJIHHHe BepXHen KpbIHIKH HHen- 
kh n yMeHbineHHe TOJimHHbi cjioh ^oidkho Hen36e5KHO npn- 
BeCTH K 6oJiee 6bICTpOMy 3aiyxaHHIO KOHBeKTHBHbIX nOTOKOB. 
BepxHHH rpaHHiia Taxjxe npHBO^HT k 6jiOKnpoBKe MexaHH3Ma 
reHepaiinn kohbckiuhh MapaHroHH [4] BBH/jy OTcyiCTBHa y 

5KH/JKOCTH CB06o^HOH nOBepXHOCTH. IIoSTOMy OCHOBHbIM Me- 
XaHH3MOM reHepailHH KOHBeKI3HH OCTaHCTCfl KOHLjeHTpaiJHOH- 
HaH KOHBeKIIHH, BbI3BaHHaH CHJIOH njiaByHCCTH, B03HHKaiOmeH 
B none TIDKeCTH BCJie/JCTBHe HeO^HOpO^HOCTH KOHIieHTpaiinn 
no BepTHKann. 

B 3 KcnepHMeHTax OyzjeM H 3 MepHTb cxopocTb Macconepe- 
Hoca B 3 aBHCHMOCTH OT TOJimHHbi CJIOH. 0 /JHaKO Ha CKOpOCTb 
MacconepeHoca bjihhct He TOJibKO TOJimHHa hhchkh, ho h bh3- 
KOCTb 5 KH/JKOCTH, K 03 (j)(j)HIIHeHT ^H(J)$y 3 HH H T.fl. IIoSTOMy 
yzjoOHee 6 yaeT onepHpOBaTb 6 e 3 pa 3 MepHbiM napaMeTpOM. 
Mo)kho npoBecTH npHMyio aHajiornio Mox/jy TenjiOBOH koh- 
BeximeH b nnocKOM cnoe, xoTopan Bbi 3 biBaeTcn BepTHKajibHbiM 
rpa/jneHTOM TeMnepaTypbi h KOHiteHTpaitHOHHOH xoHBeximeH. 
no aHanomH c K 03 (j)(j)HiiHeHT 0 M TennoBoro pacniHpeHHH [ 5 ] 

M05KH0 BBeCTH K03(j)(j)HItHeHT KOHLjeHTpaLmOHHOTO C5XaTHfl 

p = *.i. 

dc p 

nHKHOMeTpHHeCKHM MCTO^OM 6bIJia nOJiyHCHa 3aBHCH- 
moctb njiOTHOCTH ot KOHi^eHTpi^HH h no Hen onpe#eJieHO 3Ha- 
neHHe 

B = 0,039-!-. 

% 

KoHiieHTpaiiHOHHan kohbckiihh xapaKTepH3yeTCH £Hc[)c[)y- 
3HOHHbiM aHanoroM HHCJia Psjien [ 5 ] 

R = g ■ P • Ac • /i 3 

D vD 

r/je g - ycKopeHHe cbo6o^hoto na^eHHH, v - KHHeMaTHHec- 
xan BH3KOCTB 5KH/JKOCTH (b HaHieM ejiynae Bonbi), Ac - xapax- 
TepHbiH nepena/j KOHiieHTpaimii, h - TOJimHHa nnocKoro cjioh 
5KH/JKOCTH. 3,ZjeCb MbI npeHe6peraeM 3aBHCHMOCTbIO B5I3KOCTH 
pacTBOpa ot KOHiieHTpaiiHH KpacHTejin, nocKOJibKy Hcnojib- 
30BaHHbIH HaMH KpaCHTCJIb He HBJIHeTCH nAB H 6bIJIH HC- 
nojib30BaHbi Manbie (MeHee 0,1%) KOHiieHTpaipiH pacTBOpa. 
B OTJIHHHe OT CTaiJHOHapHOH TenjiOBOH KOHBeKH,HH, KOTOpaa 
nojmepncHBaeTCH 3a chct bhcihhhx hctohhhkob Tenna, kohbck- 
ijhh b Hamen nneHice 6yzjeT hmctb AHCCHnaiHBHbiH xapaxTep, 
T.K. BepTHKaJIbHblH Tpa^HeHT KOHI^eHTpailHH He 6y/jeT nOCTO- 
HHHblM BBH^y OTCyTCTBHH nOCTOHHHbIX HCTOHHHKOB KOHH,eH- 
Tpai^HH, no3TOMy nenojib30BaHHe HHCJia Psjien hcckojibko ye- 
JIOBHO. npH HHCJie P3Jiea, MeHbHieM HCKOTOpOTO KpHTHHeCKO- 
ro 3HaneHHH, b HHeince He 6y^eT B03HHKaTb kohbckiihh. HaMH 

20 


6 bm Hecne^OBaH MaceonepeHoe xanjiH xpacHTejin b 3 aKpbiTbix 
HHeiocax tojihjhhoh 2.0, 1.4, 1.0, 0.7, 0.5 mm, HanajibHaa koh- 
iieHTpaimn xanjiH cocTaBjnuia 0,1%. Ha pne. 4 npencTaBjieHbi 

3aBHCHMOCTH f 2 - V 2 OT BpeMCHH. 



fl,aHHbie 3KcnepHMeHTajibHbie KpHBbie 6 bijih annpOKCHMH- 
pOBaHbl 3aBHCHMOCTbK> (2) C nOMOmblO MeTO^a HaHMeHbHIHX 
KBa^paTOB. B xo,ae annpOKCHMaiiHH 6 bijih onpe^ejieHbi 3(J)- 

4)eKTHBHbie K03(J)(j)HIIHeHTbI ^H$(J)y3HH. KaK BH/JHM, C TCHC- 
HHeM BpeMCHH BCC 3aBHCHMOCTH CTpeMHTCH X JIHHCHHOH (CM. 
(JjopMyjiy (2)), xapaxTepHoii ^jih MOJieKyjinpHOH ^H4)$y3HH, 
Tax xax xoHBexHHa b aneiiKe hocht 3aTyxaiomHH xapaxTep 
BBH^y OTcyTCTBHH hctohhhkob, no^epiKHBaiomHx nepena^ 
KOHIieHTpailHH. 

Kax BH^HO H3 pHC. 5. 3(j)(j)eKTHBHbIH KOS^^KIIHCHT £H(})- 
(Jjy3HH yObiBaeT nponpoi^HOHajibHo xyOnHecxoMy xopHio hhc- 
jia Psjien (tohhoctb jihhchhoh annpOKCHMaipiH sxcnepHMeH- 
TajibHbix pe3yjibTaTOB cocTaBjineT 5%). Otmcthm, hto 6ecxo- 
HeHHOTO pOCTa 3(J)(J)eKTHBHOrO K034)(})HI^HeHTa ^H({)$y3HH Ha 
npaxTHxe He 6yneT, Tax xax npH yBejiHHeHHH tojuukhm cjioh 
H e 6yaeT cnpaBe^jiHBa ^ByMepHan MO^ejib, Hcnojib30BaHHan 
j\jin onncaHHa npoi^ecca. 

D e , 10“ 5 cm 2 /c 

15t 



Of^lO 20 30 40 50 60 


-si 

PHC. 5. 3aBHCHMOCTb 3$$eKTHBHOrO K03$$HUHeHTa 
3H$$y3HH OT Ky6HHeCKOTO KOpHH H3 HHCJia P3J1CH 


3aKjuoHeHHe. H3 rpaijmxoB h TaOjrai^bi bh^ho, hto c 
yMeHbmeHHeM ^n4)4)y3HOHHoro HHCJia Psjien cxopocTb Mac- 
conepeHoca xanjiH pacTBOpa xpacHTejin b njiocKOM cjioe 5 kh^- 
kocth na/jaeT. npn HHCJie Psjien, MeHbHieM 3000, kohbckthb- 
Hbie 34)$exTbi npaxTHHeexH OTcyTCTByiOT, hto no^TBep}x^aeT- 
en jiHHeiiHocTbio 3aBHCHMOCTH KBa^paTa epe^Hero pa^nyea ot 
B peMeHH. ^ajibHeHinee yMeHbineHHe HHCJia Psjien npHBe^eT x 
nOJIHOH 6jIOKHpOBXe KOHBeKIIHH. 
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New generalizations of the Morera function holomorphy theorem 
have been obtained. The precise conditions of growth of/e C(H 2 ) 
under which the boundary of some hyperbolic rectangle, or the 
boundary of some hyperbolic four-sided set have the Morera property 
for the group NA of the translations of the hyperbolic plane H 2 have 
been determined. The cases of two hyperbolic rectangles and two 
hyperbolic four-sided sets have also been established. 


Keywords: Pompeiu problem, Pompeiu set, hyperbolic plane, 
hyperbolic rectangle, hyperbolic four-sided set, Morera type theorem, 
holomorphy function. 
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TEOPEMBI THIIA MOPEPBI 
B E^HHHHHOM KPYrE 

CHjieHKO B.E., KaH^.(j)H3.-MaT. HayK 

AOHeiJKHH HaUHOHaJIBHBIH yHHBepCHTeT 3KOHOMHKH H TOprOBJIH 
hm. M. TyraH-EapaHOBCKoro, YicpaHHa 

nojiyneHM HOBtie ododmenna TeopeMbi Mopepbi o roaoMOp(J)HOCTH 
cjDyHKUHH. /fna rpynnbi “cabhtob” NA rnnepdojinnecKon naocKOCTH H 2 
onpeaejieHbi tohhbic ycnoBHa Ha pocT (J)yHKUHH / e C(H 2 ), /pia KOTOpbix 
rpaHHua rnnepdoannecKoro npaMoyroabHHKa hjih rpaHHua rnnepdoan- 
necKoro neTbipexcTOpOHHHKa aBaaiOTca MHoacecTBaMH Mopepbi. Taxace 
paccMOTpeHbi caynan ^Byx rnnepdoanHecKnx npaivioyroabHHKOB h #Byx 
rHnepdojiHnecKHx neTbipexcTOpOHHHKOB. Han^eHbi npHMepbi c})yHKHHH 
c HyaeBbiMH HHTerpajiaMH no rpaHHuaM rnnepdoanHecKnx npaivroyroab- 
hhkob n (J)yHKunn c HyaeBbiMH HHTerpajiaMH no rpaHHuaM ranepdoan- 
necKHx neTbipexcTOpOHHHKOB, noaTBep^aaKaime TOHHOCTb nojryneHHbix 
yCJIOBHH. 

KjuoneBbie cjiOBa: npodaeMa IfoMnenK), mhotkcctbo rioMnenio, 
rnnepdoannecKaa naocKOCTb, rnnepdojinnecKHH npaMoyroabHHK, rn- 
nepdojinnecKHH neTbipexcTOpOHHHK, TeopeMa Mopepbi, roaoMopcJwocTb 
(JiyHKUHH. 

YnacTHHK KOH^epeHunn, HaunoHajibHoro nepBeHCTBa 
no HayuHon aHaanTHKe, OTKpbiToro EBponencKO-A 3 naTCKoro 
nepBeHCTBa no HaynHon aHaanTHKe 


K aaccimecKaa TeopeMa Mopepbi xapaKTeproyeT rojio- 
Mop(j)Hbie ^yHKi^HH o/jhoh KOMiuieKCHOH nepeMeHHOH B 
TepMHHax HHTerpajibHbix ycjiOBHH. PaccMOTpHM npodjieMy 
Mopepbi Ha BemecTBeHHoii rnnepdojiKHecKOH naocKOCTH H 2 , 
peajiH30BaHH0 H b e^HHHHHOM Kpyre D = {z e C:|z|<l}, me 
C - KOMnjieKCHaa naocKOCTb. B MO^ejiH IlyaHKape rnnepdo- 
JIHHeCKOH njIOCKOCTH H 2 e/JHHHHHbffl Kpy r D TpaKTyeTCH KaK 
njiocKOCTb JIodaueBCKoro c hccbrjih/jobbim paccTomnieM: 


2 \l-z 1 z 2 \-\z 2 -z 1 | 

MOK/jy TOHKaMH z , z g Z) h Mepon: 


<7 co = - 


dxdy 

(i-M 2 ) : 


-(z = x + iy). 


(cm., HanpHMep, [1, c. 92] ). no^rpynna NA, ^eiiCTByiomaH 

TpaH3HTHBHO Ha D, COCTOHT H3 MaTpHIJ 

eh t + ise~ l eh t - ise~ l ' 

^shf + we - * sh t-ise~ f ) 

me s, t g R. 

THnepdojiHuecKHe npHMbie npe/jCTaBjiaiOT codon ^yrn 
OKpy5KHOCTeH (h ^naMeTpbi) b D, opToroHajibHbie e/jHHHH- 
HOH OKpy}KHOCTH dD, OpHIJHKJIbl - CBKJIHJJOBbl OKpyTKHOC- 
TH B D, KaCaiOHJHeCH 3D. 3KBH£HCTaHTbI - AyrH eBKJIH/JO- 
Bbix OKpy5KHOCTeH, nepeceKaiomHx dD. IlycTb s Q9 t Q g R, 
cp g (- 71, 7i], a, (3 e R + , me R + ={xeR:x>0}. By^eM Ha3biBaTb 
THnepdOJIHHeCKHMH npHMOyrOJIbHHKaMH MHOTKeCTBa 

{z = e l(? • n s a t ° 0: s 0 <s <s 0 + a, t 0 < t < t 0 + P} , 


PaccTOHHHe d h Mepa <7m hbjihiotch HHBapnaHTHbiMH 
OTHO CHTeJIbHO Tpynnbl /jpodHO-JIHHCHHblX aBTOMOp(j)H3MOB 
Kpyra D. 

Tpynna G = ££7(1,1) KOH(j)opMHbix aBT0M0p(j)H3M0B Kpyra 
D COCTOHT H3 KOMnjieKCHbIX MUTpHII, 


g = 


\a\ 2 -\b\ 2 = 1 h ^encTByeT TpaH3HTHBHO Ha D noepe/jCTBOM 
OTOdpaTKeHHH (z E D). 


g ° z : 


az + b 

—(zeD). 


bz + a 

Pa 3 Ji 05 KeHHe HBaeaBbi rpynnbi G HMeeT bh# G = KAN, me 
K = SO(2) - rpynna BpameHHH C, 

r cht sht ^ 

, sht cht j 


A = < a = 


:te R , 


a rHnepdojiHnecKHMH neTbipexcTOpOHHHKaMH - MHOTKecTBa 

{z = e l(? • n s a t °0: s 0 < s < s 0 + ae 2t , t 0 < t < t 0 + P} 

H 0d03HaHHM 

Q a = {z = n s a t o 0: 0<A<a, 0 < ^ < 1}, 

K a = {z = a t n s o 0: 0 <a< 1, 0 < / < a} = 

= {z = n s a t o 0: 0 < s < e 2t , 0 < t < a}. 

HeTpy^HO BH/jeTb, hto rHnepdojiHnecKHH npHMoyrojibHHK 
Q a npe/jCTaBimeT codon nacTb Kpyra D, pa3MemeHHyio Me5K^y 
^ByMH opHiiHKjiaMH c odiueii tohkoh z q = 1 , h ^ByMH mnepdo- 
HHnecKHMH npHMbiMH, Bxo^umHMH b 3Ty TOHKy. THnepdojiH- 
necKHH neTbipexcTOpOHHHK K a orpaHHneH ^ByMH opHi^HKjia- 
mh c odmen tohkoh z Q = 1, a TaK5Ke rnnepdojiKHecKOH npHMOH 
H 3KBHflHCTaHTOH, BXO^HHIHMH B 3Ty TOHKy. 

PaccMOTpHM cae^yiomyio 3a^any. IlycTb / e C(D) h ^jih 
H eKOTOpOH KyCOHHO-rjia^KOH 3UMKHyTOH KpHBOH y E D 


N = 



-is 
1 -is 


: s e R 


I f(z)dz = 0 ^JIH Bcex g E G. (1) 

gy 
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Cue^yeT jih OTCio/ja, hto / rojiOMOpijma bD? B o6meM 
cjiynae otbct OTpHyarejibHbiH (cm., HanpHMep, [2]), ho npH 
HeKOTOpbix ^onojiHHTejibHbix npe^noji05KeHnax rojiOMop(|)- 
HOCTb / HMeeT MeCTO. 

J\im o6hjhx KpHBbix HaH6ojiee H3BecTeH cjie/jyiomHH pe- 
3yjibTaT, nojiyHeHHbin K.A. EepeHCTeimoM h M. IIlaxmaxaHH 
b [3]. IlycTb P c D - o6jiacTb JlnninHya-JKop/jaHa, rpaHHija 
KOTOpon y = dP He nBjineTcn BenjecTBeHHO-aHajiHTHHecKOH 
KpHBOH. Topzja ecjin (jiyHXumi / e C(D ) yzjOBjieTBOpaeT (1), to 
OHa rojiOMOp(j)Ha b D. 

H 3 pe3yjibTaTa K.A. EepeHCTeima h M. IIlaxmaxaHH Ta- 
khm o6pa30M cne^yeT, hto /jjdi jho6oto a e R + rpaHHpa th- 
nep6ojiHHecKoro npaMoyrojibHHxa dQ a , xax h rpaHHya rnnep- 
6ojiHHecKoro HeTbipexcTOpOHHHxa dK a odjia/jaiOT cbohctbom 
Mopepbi. 

O/yiaxo, ecjin BMecTO Been rpynnbi ^bh5kchhh G paccMar- 
pHBaTb tojibko no/jrpynny “c/jbhtob” NA , CHTyaymi MeHneTca. 
Tax, ecjin / e C{D) h jxjisi HexoTOporo a e R + 

| f(z)dz = 0 

d(gQa ) 


/yin Bcex g e NA, to OTCio/ja b o6iyeM cjiynae He cjie/jyeT, hto 
/ TOJIOMOp(j)Ha B D. B CBH3H C 3THM B03HHXaiOT o6o6iyeHHn 
npo6jieMbi Mopepbi b /jByx HanpaBjieHHnx: HCCJie/jOBaHHe He- 
cxojibXHx MH05xecTB (HanpHMep, #Byx THnep6ojiHHecxHx npn- 
MoyrojibHHxoB) h ycTaHOBjieHHe /jonojiHHTejibHbix orpaHHne- 
hhh Ha paccMaTpHBaeMbie (jiyHxyHH. 

O/IHHM H3 TaXHX OTpaHHHeHHH HBJUieTCn yCJIOBHe 
/ e L\D ), nojiyHeHHoe M.JI. ArpaHOBcxHM b [4, TeopeMa 1]. 
3to ycjiOBHe, nBJinncb BecbMa o6hjhm, HeTOHHO /yin Hexo- 
Topbix xoHxpeTHbix xoHTypoB. HanpHMep, b cjiynae, xor/ja 
y - oxpyncHOCTb, HeyjiynmaeMbie ycjiOBHn nojiyneHbi 
B.B. Bojihxobbim b [2, TeopeMa 1]. 

B cjie/jyiomHx ppyx TeopeMax paccMOTpeHbi (JiyHxyHH c 
HyjieBbiMH HHTerpajiaMH no rpammaM THnep6ojiHHecxHx npn- 
MOyrOJIbHHXOB H HeTblpeXCTOpOHHHXOB H HaH^eHbl TOHHbie 
ycjiOBmi, o6ecneHHBaiomHe rojiOMop(})HOCTb Taxnx (jiyHxyHH. 

C noMombio CBe/jeHHn x npo6jieMe noMneino noxa3a- 
ho, hto ycjiOBHe / e L\D ), Haxjia^biBaiomee orpaHHneHHn Ha 
noBe/jemie (jiyHxyHH b6jih3h Been rpaHHi/bi xpyra D , mo)xho 
3aMeHHTb OrpaHHHeHHUMH Ha pOCT (jiyHXLJHH Jinmb b oxpecT- 
HOCTH Z Q = 1 . 

no noBO/jy //pyrnx pe3yjibTaroB, CBn3aHHbix c TeopeMOH 
Mopepbi, cm. [5] - [10] h oOniHpHyio 6H6jiHorpa(|)HK) x othm 
paOoTaM. 

,ZJjin z e D o6o3HanHM m(z) = 1 - |z| 2 , 

M f (z) = | ‘ | ‘ \(f-m)(n u a v »z)\ dudv 


H nOJIO)XHM 


X ; (z) 


e 2 '(l-|z| 2 )-(l+|z| 2 -2z) 
e 2 '(l - 1 z | 2 ) + (1+ | z | 2 -2z) 


n,(zj 


/(l-|z| 2 ) + ;z(l-z) 
/(l-|z| 2 ) + /(l-z) 1 1 


TeopeMa 1 . 1) nycTb / e C(D ), 


Vz e D Mjfafz)) = o(l) npH / — » + oo, / e N, (2) 

h /yin HexoTopbix oc 2 e R + 
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L . . f(z)dz =f f(z)dz = 0 AIM Bcex g e AM. (3) 

J S(gQ ai ) J d (gQa 2 ) 

Tor/ja ecjin oq/o^ € Q, hjih 

A/^.(z) = o(l) npH z — > 1 no opmpixjiaM, (4) 

to f[z) rojiOMOp(J)Ha b D. 

2) J\jik jiio6bix a p a 2 e R + cyiyecTByeT HerojioMop^Han 
(JiyHxymi / e C\D ), y^OBjieTBOpmoman (3), (4) h Taxan, hto 

VzeD MJfafz)) = 0(1) npH / — ► + oo, / e N. 

3) jiio6bix coH3MepHMbix a p a 2 e R + cyiyecTByeT 
HerojioMop(j)Ha5i ^ynxymi / e 0(B)), yzjOBJieTBOpaioman (2), (3) 
h Taxan, hto M f (z) = 0(1) npH z 1 no opHynxjiaM. 

TeopeMa 2. 1) nycTb / e C(Z>), 

VzeD Mp\ } {z)) = o(l//) npH / ^ + oo, / g N, (5) 

h ^jia HexoTopbix a p a 2 e R + 

J.. r . /0)<fe =f .. r /(z)fife = o flJM Bcex g e AM. (6) 

J 3(gX ai ) J 3(gX a2 ) 

Tor^a ecjin aj/a 2 ^ Q, hjih 

M / (r ll (z)),M / (z) = o(l) (7) 

npH z — > 1 no THnepOojiHHecxHM npuMbiM, to J{z) tojio- 
Mop(Jma b D. 

2) J\jik jiio6bix a p a 2 e R + cyiyecTByeT HerojioMop^Han 
(jiyHxymi / e 0(B)), y^OBjieTBOpmoman (6), (7) h Taxan, hto 

VzeD M^p^z)), ^(z) = 0(1//) npH / — > + oo, / e N. 

3) fl,jDi jiio6bix coH3MepHMbix oCj, a 2 e R + cymecTByeT He- 
rojiOMOp4)Haa (JiyHxyHa / e C\D), y^OBjieTBOpmoman (5), (6) h 
T axaa, hto 

M / (z) = 0(l),M / (i 1l (z)) = o(l), 
npH z — > 1 no THnepOojiHHeexHM npaMbiM. 

3aMeTHM, HTO ^OCTaTOHHblM yCJIOBHCM BbinOJIHeHHa (2) 
nBjineTca 

M/z) = 0(\) (8) 

npH z — > 1 no THnepOojiHHeexHM npaMbiM 

CooTBeTCTBeHHO (5) HMeeT MecTO, ecjin M f (z) = o(|l - z|) 
npH z — > 1 no opHynxjiaM. 

Ecjih 5xe BbinojiHeHo (8), to H3 ycjiOBmi M f {z) = o(l) npH 
z — > 1 no 3XBH£HCTaHTaM, cjie^yeT (7). 
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n pH COCTOHHHH CHCTeMbI KOBapnai],HH MOK/jy TOHKUMH 
A h E, npn peaKHHH ^BH5KeHHH, BOKpyr tohkh A o6pa- 
3yeTCH OKpy5KHOCTb, a TOHKa E 6yzjeT jno6an Tonica Ha jihhhh 
OKpy)KHOCTH. 

CncTeMa ocTaHaBHHBaeTCH nepe/j paBHOBbi6opOM (jik>6oh 
hcxo# no jno6oMy HanpaBjieHHOMy Beicropy). Ko3(j)(j)HijHeHT 
KOppeJIHHHH K = 0 (3TO H eCTb KOBapHaHHH). 



Hto 6bi cncTeMa Bbimjia H3 paBHOBecHoro coctohhhh, He- 
o6xo#hmo xoth 6bi Majian enmocHyTOCTb 0Kpy5KH0CTH no no- 
mocaM. Toma K03(])(j)HHHeHT Koppejiaunn 6y^eT OTjinnaTbCH 
ot 0. H HanHeTCH Me^jieHHbin nponecc B3anMHoro bjihhhhh 
(KoppejiHiinn) ^Byx cncTeM. 


CBOHCTBA KOBAPHAflHH 
B 3ABHCHMOCTHX MEKJ\Y 
HHOOPMAflHOHHEIMH nPH3HAKAMH. 
nPHMEHEHHE K03OOHH,HEHT0B 
CXO/tCTBA KOHTHHrEHflHH - K)JIA 
H ACCOH,HAH,HH OHIUEPA nPH AHAJIH3E 
OIHHEOK B TEXHOJIOTHHECKHX 
HEnOHKAX OEPAEOTKH HHOOPMAH,HH. 
OnPE^EJIEHHE KOJIEEAHHH 
HHOOPMAH,HOHHEIX nPH3HAKOB 
BO BPEMEHH 

HBaHOBa T.A., KaH/u 3 koh. Hayx, /joijeHT 
Mockobckhh rocy^apCTBeHHbra ne^arorHHecKHH yHHBepcHTeT, 
Pocchh 

B ziaHHon CTaTte aBTop nojumMaeT Bonpoc 06 ncnojib30BaHHH CTa- 
THCTHHeCKHX, MaTeMaTHHeCKHX MCTOn.OB RJW aHaJIH3a padOTbl HH(J)OpMa- 
UHOHHO-TexHOJiomnecKoro npouecca, npHBOjuiT npHMepbi npHMeHemw 
TaKHX MeTOAOB B HH(J)OpMaUHOHHbIX TexHOJiormix. 

KjnoneBbie cjiOBa: TexHOJiornnecKHe nenomcn, odpadoTKa jiaHHbix, 
HH^opMaunoHHO TexHOJiornnecKHH npouecc, oihh 6 kh cncTCMbi, Mare- 
MaTHnecKHe MeTojjbi. 

YnacTHHK KOH^epeHunn, HaunoHajibHoro nepBeHCTBa 
no HayuHon aHannTHKe, OTKpbiToro EBponencKO-A3narcKoro 
nepBeHCTBa no HaynHon aHannTHKe 

Ecjih paccMaTpHBaTb npoxo5K^eHne nporpaMM b ajiro- 
pHTMe KOHKpeTHoro 3a^aHHH npHMan jihhhh 6yzjeT 03HanaTb 
«neTKoe 6eenpenHTCTBeHHoe npoxo^eHHe nporpaMMHbix 
KOMaH^», flajiee sjuinnc - «pa3H0 Bbipa^eHHaa 3a,zjep5KKa h 
npenHTCTBHH b npoxo^eHHH nporpaMM». H HaKOHeij, pOBHan 
OKpyncHO ctb - «BbinojiHeHHe nporpaMM HeB03M05KH0» - npe- 
pbiBaHHe penn nocjie^OBaTejibHbix ^chctbhh. 3th cooOmeHHH 
mohcho Hcnojib30BaTb /pin OTCJie5KHBaHHH pa3Horo po,aa ohih- 
6ok b TexHOJiorHnecKHx npopeccax npoxo^eHHH nporpaMM 
nepe3 3jieKTpoHHbie ycTponcTBa o6pa6oTKH /jaHHbix. 

K03(J)(J)HH,HeHTbI CXOflCTBa JJByX npH3HaKOB (jIOrHHeCKaH 
npOBepKa). 

Tadjiuiia 2x2. 


Ouiu6ku 

1 np. 

X 

+ 

- 

2 np. 

+ 

a 

b 

a + b 

- 

c 

d 

c + d 

X 

a + c 

b + d 

n 



K = 0,60 

KOp. 7 


K = 0,80 

KOp. 7 


K 


KO P . 


1,00 
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Ko3(|)(})HijHeHTi>i cxo/jCTBa noKa3biBaiOT cpe^HecTaTHC- 
THnecKyio (He apKo Bbipa5KeHHyio) 3aBHCHMOCTB (cxoactbo) 
npH3HaKOB, TO eCTB BBICTpaHBaeTCH JIOTHHeCKHH KBa^paT. 
(CymecTByiOT oOmenpHHHTbie, norpaHHHHbie KpHTepHH: ecjiH 
A > 0,5; K > 0,3 mo)kho roBOpHTb o HajiHHHe npHMOH hjih 
o6paTHOH CBH3H MC5K^y ^ByMH paCCMaTpHBaeMbIMH npH3Ha- 
KaMH). 

Ecjih coOnpaiOTCH AaHHbie o «c6ohx» b HH^opMaijHOHHbix 
CHCTeMaX, TO eCTb o6pa3yiOTCH pn^bl AHHaMHKH BO BpeMeHH 
(HanpHMep, He^ejiH, Mecmibi h t.a.), ncnojib3yiOT mctoa co- 
nocTaBjieHHH cpe/jHHx 3HaneHHH npH3HaKa (cpe^HHe AeTajiH- 
3HpOBaHHbix pa36neHHH h oOiipie, arperaTHbie cpe/jHHe). 

HanpHMep, ecjin pa3Hbie rpynnbi cncTeMHbix mraceHepOB 
o cy m e ctbjihiot ^e>KypCTBa n KOHTpojib 3a OTjia/jKon cncTeMbi 
no ahhm He^ejin, mo)kho OTCJie^HTb He^ejibHbie HHAexcbi ce- 
30 hhocth oninOoK 3a 4 He^ejin Mecima n BbiCTponTb rpaijmic 
- ce30HHyio BOjrny npn pacneTe cpe^Hne HHAexcbi ce30HHoe- 
th no He^ejiHM B3HTbie 3a Mecini; eonocTaBjnnoTCH co cpe/jHHM 
He^ejibHbiM ypoBHeM pn^a AHHaMHKH, to ecTb o6maa cpe^HHH 
3a nepnoA- 

OopMyjia pacneTa HH^exca ee30HH0CTn Taxan: 

/,. =i-ioo% 

s, x 

r/je X. - cpe^HHH ypOBeHb i-ro pn^a AHHaMHKH; 

X - Cpe^HHH BeJIHHHHa H3 BCeX ypOBHen pHAOB ^HHa- 
MHKH. 

3Ta (jiopMyjia npe/jCTaBjweT aojiio otacjibhoh nacTHon 
cpe^Hen b o6meM cpe^HeM ypOBHe pn^a AHHaMHKH. 

CoBOKynHOCTb paccnnTaHHbix hhackcob xapaKTepH3yeT 
ce30HHyio BOjrny 

Hhcjio ohih6ok 3a Mecnij (4 He^ejin) no ahum He^ejin 
(Ta6n. 2). 


Tafoimia 1. 

flaHHbie K 03 $$Hi^HeHTbi cxo^CTBa HMeiOT 3 HaneHHH b npe^ejie ot -1 ao +1 


npoxo5K/jeHHe nporpaMM 

Be3 npepbmaHHH 

npepbiBaHHe o6pa6oTKH 
+aHHbIX 

2 

Ohih6kh b 

HH(j)OpMai+ HOCHTeJIHX 

BepHoe (JiopMaTHpoBaHHe 
(6e3 ohih6ok) 

60 

40 

100 

HeBepHbie ^aHHbie b hh(J). HOCHTejinx 
OhIh6kH B (JlOpMaTHpOBaHHH 

30 

70 

100 

E 

90 

110 

200 


Ta6jiHua 2. 


A HH 

HCflCJIH 

Hhcjio oihh6ok 

E 

X. 

II 

o 

o 

s© 

1 HeA. 

2 HeA. 

3 HeA. 

4 HeA- 

n H . 

2 

1 

1 

1 

5 

1,25 

73 

Bt. 

1 

1 

2 

2 

6 

1,5 

88 

Cp. 

2 

1 

2 

3 

8 

2 

117,6 

Ht. 

3 

3 

2 

2 

10 

2,5 

147,0 

nn 

1 

1 

1 

1 

4 

1,0 

58,8 

C6. 

2 

2 

2 

2 

8 

2,0 

117,6 

Be. 

1 

2 

2 

2 

7 

1,75 

102,9 



48 

X= 1,7 



1 - ohih6kh b (popMame dannux Ha 3JieKTpOHHbix hoch- 
TejiHx («+» - ecTb oiuuGku; «— » - Hem owu6ok) 

2 - oiiimokm e npoxavcdeiiuu npoepaMMbi TexHOJiorn- 
necKon ijenonKH ajiropnTMa o6pa6oTKH ^aHHbix («+» - ecTb 
ohih6kh; «-» - HeT ohih6ok). 

OopMyjibi accoAHaipiH n KOHTHHreHAHH npnMeHHiOTCH 
b no3HiinHX jiornnecKoro KBaApaTa, TaOjiHijbi 2x2. B Taxnx 
TaOjini^ax cymecTByiOT ycTaHOBKn: Aa-Aa; HeT-HeT; ecjin He 
A a, to HeT (HeT-,zja); ecjin He HeT, to m (Aa-HeT). 

K03^)(|)HH,HeHTbI nOKa}KyT 3aBHCHMOCTb (jIOTHKy) ^Byx cy- 
me CTBeHHbix npH3HaKOB, b /jaHHOM cjiynae npepbiBaHHe npo- 
xo5K#eHHH naxeTa npHKjia^Hbix nporpaMM h o6pa6oTKy CTa- 
THCTHHeCKOTO MHOHCeCTBa ^aHHblX. 

Ko3(j)(j)HiiHeHT accoiiHaiiHH K)jia: 


A = 


ad -be 
ad +bc 


noKa3biBaeT aojiio pa3HOCTH /jHaroHajibHbix 3HaneHHH coBnaB- 
ihhx 3HaneHHH npH3HaKOB (Aa-Aa h HeT-HeT) h He coBnaBuinx 
(Aa-HeT h HeT-^a) nepBoro nopnAKa k hx cyMMe. 
Ko3(})(})HiiHeHT KOHTHHreHiiHH Omnepa: 


K = 


ad - be 


yj{a + c)(b + d)(a + b)(c + d) 


K03^)(|)HH,HeHT KOHTHHreHIIHH OHHiepa OTJIHHaeTCH OT 
K03(j)(])HiiHeHTa accoiiHaiiHH lOjia TeM, hto b /jejiHTejiH (6a3e 
cpaBHeHHa) 6epeM cpe/jHereoMeTpHnecicoe 3HaneHHe npOH3- 
Be^eHHH ^Byx CTpoxoBbix cyMMbi no Been MaTpHi^e (Ta6n. 1). 

60-70-30-40 3000 


A = - 


K = 


60-70 + 30-40 5400 

60-70-30-40 


« 0,556; 
3000 


+90 + 110 + 100 + 100 9949,9 


= 0,302. 
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BojiHa ce30HH0CTH noHe/jejiBHbix oihh6ok 3a Mecnii; 6yzjeT 
Taxon: 

Ce 3 QHHa 5 i BoxiHa olum 6 ok b ci/icTeivie 



H3 rpatjmica cjie/jyeT, hto MaKCHMajibHbiH 3KCTpeMyM ce- 

30HH0H BOJIHbl 3a MeCHIJ npHXOflHTCH Ha HCTBepT, 3TO 3HaHHT, 

hto rpynne chctcmhbix HH^eHepoB hco6xo^hmo cepi>e3HO 
npoaHajiH3HpOBaTb ohih6kh h ocymecTBHTb Heo6xo,aHMyio 
KOppeKLJHIO B npo6jieMHBIX o6jiaCTHX TeXHOJIOTHHeCKOH U,Q- 
nOHKH o6pa60TKH ^aHHBIX. 

TaKHM o6pa30M, B03M05KCH CBOeo6pa3HbIH CHM6H03 CTa- 
THCTHKO-MareMaTHHeCKHX MeTO^OB H HH^OpMaiJHOHHblX 
cncTeM. Oco6eHHO 3 to HanpaBjieHHe nojie3Ho b o6nacTHx co- 
e^HHeHHH HH(J)opMaTHKH h MaTeMaTHKH. Tax, HanpHMep, npH 


H3yneHHH mo6hjibhi>ix h hmmo6hjh>hbix 3JieMeHTOB HH(j)opMa- 
PHOHHBIX CHCTeM MO)KHO HCn0JIb30BaTb nepBblH MeTOfl, onn- 
caHHbin b ^aHHOH CTaTbe (KOBapHaiiHH - OHa )Ke hmmo6hjib- 
HOCTb, HenO^BH^CHOCTb) HJIH TCM 5Ke MCTO/JOM OTCJIOKHBaTb 
COCTOHHHH, KOT^a CHCTCMB nepeXO^HT B «CnHmHH» pOKHM; 
BTOpbie MeTO^bl XOpOHIH ^JIH aHaJIH3a JIOTHHeCKOH aM6HBa- 
JieHTHOCTH (to eCTb npOTHBOpeHHBOCTH) OT^eJIbHblX n03H- 
H,HH CHCTeMbI, TpeTHH MCTO/J M05KH0 npHMCHHTb npH aHaJIH3e 
^ecTpyKi^HH nepapxHHecKHx 3aBHCHM0CTen b HH(j)opMa- 
HHOHHbix CHCTeMax, H3yneHHH ^HCTpn6yi;HH h pe/jHCTpH6y- 
H,HH HH(J)OpMaiIHOHHbIX CJI05KCHHH. 

B npoiiecce o6pa30BaHHH /jaHHan KoppejnmHH MaTeMarn- 
necKHx MeTo^oB h HH(J)opMaTHKH npH3BaHa HayHHTb o6ynaio- 
hjhxch anejuiHpOBaTb MareMaTHHecKHMH 3HaHHHMH b Hccjie- 
flOBaHHH KpynHbix HH(})opMaipiOHHbix MaccHBOB h aHajiH3e 
ajiropHTMOB o6pa6oTKH /jaHHbix. 
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ON INCREASING THE EFFICIENCY OF FREQUENCY CONVERSION 

IN METAMATERIALS 
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In this article calculation of the optimal length of a metamaterial for effective transformation of frequency on the given 
length in similar environments is considered. 

Keywords: frequency conversion, metamatirial. 
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A s for back as 1967 the Soviet physicist Victor Veselago 
showed that media with negative indices of magnetic 
permeability jli and dielectric permittivity 8 at the same time, 
media called metamaterials, must possess the negative index 
of refraction. The values of these indices, in their turn, depend 
on wave length of electromagnetic radiation passing through 
the medium [1]. The achievements in experimental elaboration 
of metamaterials aroused new interest for theoretical and 
experimental researches of optical nonlinear properties of 
similar artificially created media with unique electromagnetic 
properties [2-8]. 

In recent years there have been carried out studies on 
elaboration of metamaterials refracting visible light. Generation 
of optical harmonics in metamaterials was considered in a 
series of works, mainly, in constant-field approximation [4, 
6-8]. In contrast to constant-field approximation, constant- 
intensity approximation of fundamental radiation [9-10] does 
not impose any restrictions for phase of interacting waves. 
It permits to make more strict analysis of nonlinear interaction 
of waves in material with regard for change of interacting 
waves phases. In constant-intensity approximation it is possible 
to depict physical peculiarities of nonlinear process [11-12], 
which are unamenable to study within the frames of widely 
applied constant-field approximation. The investigations in this 
direction go on. 

As a consequence, in the present work the results of 
further study are reported. Just namely analysis of the ways of 
increasing the efficiency of radiation energy conversion into 
second harmonic in metamaterials. It is particularly shown that 
maximum of the efficiency of conversion to second harmonic 
depends directly on a full length / of investigated metamatirial. 

The process of generation of second harmonic in 
metamaterial is described by the system of reduced equations 
of kind [4] 


dA } 

dz 

dA 

dz 


— + — i 


l * K ™ X ( eff4 A 2 exp(z'Az), 

KyC 


^ + 5 


( 1 ) 


xfffA exp(-z'Az), 


k 2 C 


where A X2 are complex amplitudes of pump wave and 
second harmonic at frequencies oo 12 respectively, 8 12 are the 
coefficients of wave absorption in metamaterial at frequencies 
oe> 12 respectively, e 12 , jli 12 are dielectric permittivity and 
magnetic permeability of metamaterial at corresponding 
frequencies, A = k 2 - 2k x is the phase mismatch between 
interacting waves, k x 2 (k X2 > 0) are moduluses of wave vectors 
k x 2 directed towards the opposite to axis z, x ( ^ is the efficient 
quadratic susceptibility of material [13]. 

We carry out study in following boundary conditions 


A( z = 0) = A I0 exp(z'(p 10 ), A 2 (z = /) = 0. (2) 


There z = 0 corresponds to an entrance to metamaterial, cp 10 
is an initial phase of pump wave at the entrance to nonlinear 
medium. 

By solving the system of reduced equations in constant- 
intensity approximation of fundamental radiation with regard 
for (2), for complex amplitude of harmonic wave at length z of 
nonlinear medium there was received (6j 2 = 0) [10] 

A 2 (z ) = A iA o (sin x'z - tgX'l cos X'z) x 

r+ l — tgM 
2 5 

x exp(/2cp 10 - iAz/2) (3) 

where 


X ' 2 = A_2T 2 , r 2 =y iy 2 / 10 , I j =A j A]. 

For the efficiency of conversion of pump wave energy 
to energy of harmonic wave (or given intensity of second 
harmonic wave) in metamaterial (3) we receive 


at 


~ / 2 (z) 2 t (sinh^z- tanh^/cosh^z) 2 

fi2 \ Z ) ~ A ~ “ Y 2M 0 ~2 

10 2r 2 f':^(tanh 2 ^/-l) 



r/je X 2 = 2T 2 


A^ 

4 ’ 


( 4 ) 


As is known, behavior of dependence of conversion efficiency 
sharply differs from usual dependence of conversion efficiency 
rj 2 (z) in natural material. If in general quadratic nonlinear medium 
there took place strongly pronounced maximum reached on 
coherent length of medium, then in considered case of medium 
with negative refraction there is observed monotonous behavior 
of dependence. With this, metamaterial plays the role of a mirror 
reflecting harmonic wave on entry of metamaterial, i.e. maximum 
of conversion falls not on outlet, but an entry of metamaterial. 
In other words, excited radiation of harmonic is directed to meet 
exciting pump wave. 

The numerical analysis of the analytical expression of maxi- 
mum efficiency of conversion rp max (z) in metamaterial, received 
with regard for phase changes of interacting waves depending 
on full given length T/ of metamaterial is offered in Figure. 



Fig. Dependence of maximum efficiency of conversion 
riimJz) on the given full length of metamaterial Tl 
at Az/2 = 0,08, d 12 = 0 
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In figure it is seen that maximum value of the efficiency 
acquires the constant value, i.e. in dependence the regime 
of saturation is observed. Hence practically an important 
conclusion follows. In constant-intensity approximation 
it is possible to calculate the optimum value of full length / 
of metamaterial for the purpose of obtaining the efficient 
frequency conversion on this length of similar media. 
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n ocTaHOBKa o 6 paTHBix 3 a/jau BbrreicaeT H 3 H 3 BecTHoro 
$aKTa O TOM, HTO HaCTO B BOJJOHOCHbIX IIJiaCTaX HMeeT 
MeCTO eCTeCTBeHHblH (J)HJIbTpaiI,HOHHbIH nOTOK BOJJbl. ^aHHOe 
o 6 cTOATejibCTBO Haxo^HT CBoe OTpa^ceHHe b tom, hto njiacTO- 
Bbie ^aBjieHnn b nbe 30 MeTpHneexHx exBa^xHHax pa 3 JiHuaiOTcn 
Moxjjy co 6 oh. CooTBeTCTByiomne pa 3 JiHHHn CBn 3 aHbi c oco- 
6 eHHOCTnMH CTpoeHHn bo^ohochoto nnacTa h H 3 MeHeHHmvui 
ero KOJiJieKTOpCKHx cbohctb. IIooTOMy ecTecTBeHHbiM nBjineT- 
cn 5 KejiaHne Hcnojib 30 Ban> HH(j)opMaiiHK> o jjaBjieHHax h (jrnnb- 
Tpau,HOHHbix napaMeTpax no cxBa>xHHaM jjjm nocTaHOBKH n 
pemeHnn paccMOTpeHHbix o 6 parabix 3 ajjan. 

rn^poreonornnecKHe nccne^OBaHnn noKa3biBaiOT, hto 
ecTecTBeHHbie (jmjibTpaiiHOHHbie noTOXH xapaxTepH3yiOTCJi 
eme ojjhoh oco6eHHOCTbio. Bcjicjjctbhc Hannunn Taicux no- 
tokob HMeiOT MecTO onpejjejieHHbie pacnpe^eneHnn b Bojje b 
pacTBopeHHOM BH^e yrneBO^opo^Hbix n HeyrneBO^opo^Hbix 
KOMnoHeHTOB. 3a reonornnecKne juiHTejibHbie BpeMeHa 3 th 
KOM noHeHTbi, KOTopbie MoryT BoenpHHHMarbca xa k onpe- 
^eneHHbie HHjjHxaropbi, nepeHOcnninxcn no BojjoHOCHOMy 
njiacTy ot c(j)opMnpOBaBmnxcn He(j)T>fflbix hjih chctcm ra30 - 
bmx 3ane5Ken. KomieHTpaHnn 3 thx HHjjHxaropOB no nnonia^n 
H3MeHHHBa, HTO OnJITb CBJmHO C 0C06eHH0CTnMH CTpOeHHH 
bo^ohochoto nnacTa n ero KOJiJieKTOpcKHMn CBoncTBaMH, 
H3BecTHO, hto Taxne HecTaiiHOHapHbie npoijeccbi nepeHoca 
OT^ejibHbix KOMnoHeHTOB MoryT onncbiBaTbcn ypaBHeHneM 
KOHBeKTHBHOH ,HH(j)(|)y3HH [1]. 

VpaBHeHne xoHBexTHBHon ,zpi(j)(j)y3 HH b cnynae njiocxoro 
(jmjibTpaipiOHHoro noTOxa HMeeT bhjj [ 2] : 


dc 

i — : 

dt 


_d_ 

dx 

d_ 

dy 


T ^2^2 dc 
dx 


P I 


Pf 


dy 


~0yc\ 

OX 


0) 


pzje m - xo3(jxj)HijHeHT nopncTOCTn; c - xomieHTpaHnn pac- 
CMaTpHBaeMoro xoMnoHeHTa; X 2 - eooTBeTCTBeHHO npo- 
^onbHbie n nonepeuHbie napaMeTpbi paccenBaHnn cpejjbi, noc- 
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w 532.685 

OE O/IHOH OEPATHOH 1AJWM 
TEOPHH OHJIbTPAUHH no YTOHHEHHIO 
KOJIJIEKTOPCKHX CBOHCTB 
njIACTA B HEOTEEA30BEIX 
MECTOPOJK^EHHRX 

LQajxaexeeBa H.K., xaHjj. (j)H3.-Mar. Hayx, aoijeHT 
ATbipaycxHH rocyaapCTBeHHbiii yHHBepcnreT 
HMeHH X. flocMyxaMeaoBa, Ka3axcTaH 

B camion padoTe nccjiejiyeTca odparaaa 3anana Teopnn cJmjibTpa- 
unn, KOTOpaa Ha odbexTUBHon ochobc noiBOJiaeT yrouHHTb Kojuieicropc- 
KHe CBOHCTBa npOAyXTHBHOrO njiaCTa npH HCn0JIb30BaHHH cj)aKTHHeCKHX 
a;aHHbix. J\nn 3toh uejin Heo6xo,n,HMbi 3aBHCHMOCTH ot BpeMeHH a,e6nTOB 
>KHa,KOCTH, ra3a h njiacTOBbix ^aBjieHHH no CKBamiHaM. 

YnacTHHK KOH(J)epeHUHH, HaunoHajibHoro nepBeHCTBa 
no HaynHon aHajiHTnxe, OTKpbiToro EBponencKO-A3naTCKoro 
nepBeHCTBa no HaynHon aHajiHTnxe 


ToaHHbie (nMeiOT pa3MepHOCTn jjjiHHbi); v |? v 2 — KOMnoHeHTbi 
CXOpOCTH (j)HJIbTpaiIHH COOTBeTCTBeHHO no OCHM xuy. 

Ecjih jym ypaBHeHna (1) 3ajjan> rpaHHHHbie 


dc 

— = o, (x,y)er 2 ,r 3 T 4 ; c = i, (x.jOer, 

on 


n HanajibHoe ycjiOBne 


c(x,y) = 0; t- 0, 


( 2 ) 


(3) 


to nojiynHM npaMyio xpaeByio 3a^any jjjm onpe^ejieHna nojm 
KomieHTpaHnn no Been njiomajpi BO^OHOCHoro njiaCTa Ha pa3- 
Hbie MOMeHTbl BpeMeHH, B TOM HHCJie Ha MOMeHT npOBejjeHHH 
pacneTOB (Ha cero^HiimHHH j^eHb). 

CxopocTH (JiHjibTpaHHH Vj h V 2 3aBHC^T ot pacnpe^ejieHHa 
jraBjieHHa P* no njromajiH, Cjie^OBaTejibHO, j^jia Toro hto 6 bi 
pemHTb 3ajjany (l)-(3) Heo6xo^HMO hmctb pemeHHe 3ajjanH 

(J)HJIbTpaUHH BO^bl B HeO^HOpO^HOM no XOJlJieXTOpCKHM CBOHCT- 
BaM bo^ohochom njiacTe c Bbi^ejieHHOH ra 30 B 0 H (h 6 (J)t>ihoh) 
3 ajie 5 XbK>, xoTOpbiH onncbiBaeTOi ^H^^epeHHHajibHbiM ypaB- 
HeHHeM 3 JijiHnTHnecxoro mna otho CHTe jibho npHBe^eHHoro 
jjaBjieHHfl P*\ 


d_ 

dx 


dP* 

d 

dP* 

k(x,y)-h(x,y)— 

dx 


k(x,y)-h(x,y)— 

dy 


= 0. (4) 


fl,jia pemeHHa HHTepecyiomeH Hac npHMOH 3a^anH HHTer- 
pHpoBaHHe ypaBHeHHa (4) ocymecTBjiaeTca npH cjie^yioniHx 
xpaeBbix ycjiOBHflx: 


^ = 0, (x,y)er l ,r 2 -, 
dn 


(5) 


P -P n - const, (x,j 2 )er 3 ; 

P* =P* = const, (x,y) e T 4 . (6) 

HTax, ^jia ecTecTBeHHoro (J)HJibTpaiiHOHHoro noTOxa b 
bo^ohochom njiacTe c Bbi^ejieHHOH ra30BOH (hciJit^hoh) 3a- 
jie5Xbio enpaBe^jiHBa npaMa>i xpaeBaa 3a^ana (4)-(6), r^e - 
P* = P + p jrl; P - ^aBjieHHe b Tonxe e xoopjjHHaraMH x h y; 
p B - njiOTHOCTb bo^bi; g - yexopeHHe CBo6ojjHoro na^eHH^; 
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/ - paccTOHHne no BepTHKajin ot aaHHoi! tohkh c Koopan- 
HaTaMH x n y ao njiocKOCTH npHBe^eHna; n - bhcihhhh no 
OTHOineHnio k G HOpMajn>; k - K03(j)(j)HiiHeHT npOHHaae- 
mocth njiacTa; h - TOJimHHa njiacTa; - rpaHHija ra30Bon 
(He(j)THHon) 3ajie5Kn; - HenpOHHaaeMbie rpaHHiibi BoaoHoc- 
hoto njiacTa; T 3 - KOHTyp o6nacTn nnTaHHn; T 4 - KOHTyp 06- 
jiacTH pa3rpy3KH. 

06paTHon 3aBncnMOCTn P* ot C hct, cjieaoBarejibHo, 3a- 
aann (4)-(6) n (l)-(3) pacmenjinioTCH Ha aee aBTOHOMHbie 
npHMbie KpaeBbie 3aaann. HTax, npn 3aaaHHbix KOJiJieKTOpc- 
khx CBoncTBax njiacTa k n h, X v k 2 npn rpaHHHHbix ycjiOBHux 
peineHne ypaBHeHna no3BOJineT onpeaejiHTb pacnpeaejieHHe 
npHBe^eHHoro aaBjieHHH P* no Been njioma^n bo/johocho- 
ro njiacTa. ^anee npn 3aaaHHbix KOJiJieKTOpCKnx CBoncTBax 
bo^ohochoto njiacTa k, h, m npn HanajibHOM ycjiOBnn (3) n 
rpaHHHHbix (2), peineHne ypaBHeHHH (1) c Hcnojib30BaHHeM 
(JiyHKiiHH P* H3 npe^bi^ymeH aaaann, noaBOJineT onpeaejiHTb 
pacnpe^ejieHHH KOHaeHTpaaHH C no Been njiomaan BoaoHoc- 
Horo njiacTa. 

IIocTaHOBKa o6paTHon 3aaann. npeanojiaraeM, hto H3- 
BecTHbi (jiaKTHnecKHe 3HaneHHH P*(x , y ) n C(x, y , t) no Been 
nnonja/jH BoaoHOCHoro njiacTa Ha KOHen, OTpe3ica BpeMeHn 
[0, T] Ha cero^HHHiHHH aem>. HMeeM P* h C b CKBa^cHHax 
b MOMeHT reojiorHHecKoro BpeMeHH T, aaHHbie o reoMeT- 
pHH njiacTa h npH6jiH5KeHHbie 3HaneHHH ero KOJiJieKTOpcKHx 
CBOHCTB. Heo6xO^HMO Onpe/jeJIHTb (yTOHHHTb) KOJIJieKTOp- 
CKHe ((J)HJIbTpai^HOHHbie H eMKO CTHbie) CBOHCTBa BO Bcex 
TOHKax BO^OHOCHoro njiacTa, a Taioice ycjiOBHH Ha KOHTy- 
pax o6jiacTeH nHTaHHH h pa3rpy3KH Ha ocHOBe HMeiomHxcH 
(JjaKTHHecKHx aaHHbix. EyaeM pernarb oSparayio 3aaany ok 
onTHMH3aiiHOHHyio. IIocTpOHM (JiyHKipioHaji JpaBHbiH cyMMe 
J x H J r OneBH^HO, HTO 3TOT (jtyHKHHOHaJI 3aBHCHT OT KOJIJieK- 
TopcKHx cbohctb njiacTa: 

j\P:,P;Mm,\,X 2 }=J l {P:,P;,b) + J 1 (m,\,\ 1 ) = 

=Z[( p pl 1 -n') 2+w i (V,-\) 2 ]+ 

i = 1 

(?) 

0 i = 1 

06paTHaa 3aaana 3BynHT cneayiomHM o6pa30M: Haimi 
TaxHe 3HaneHHH P* n , P\ b , m , X v k 2 KOTOpbie MHHHMH3HpyiOT 

(JiyHKiiHOHaji (7). 

B pe3yjibTaTe pemeHHH 3 toh 3aaann onpeaejimoTCH koji- 
jieKTOpCKHe CBOHCTBa HexoTopOH 3KBHBajieHTHOH reonorH- 
necKOH MO^ejiH njiacTa, o6ecneHHBaiomHe HaHjiynmee cob- 
na^eHHe pacneTHbix h (J) aKTHHe ckhx 3HaneHHH npHBeaeHHbix 
aaBjieHHH, (JmjibTpaaHOHHbix napaMeTpoB h KOHLjeHTpaijHH c 
TOHKH 3peHHH BBe^eHHOrO KpHTepHH H npHHHTOH MaTCMaTH- 
HeCKOH MO^eJIH (J)HJIbTpaiI,HH. MHHHMH3aipiH (JiyHKI^HOHa- 
jia Hcnojib3yeM HTepaijHOHHbiH rpaaneHTHbiil MeToa, HanpH- 


III P* = 30 Mila | r 3 | | 



Phc. 1 . KapTa inooap h cxeMa paiMemeime pa 3 BeaonHbix 

CKBa'/KIlH B BO^OHOCHOM nJiaCTC HeO/JHOpO/JHOM 
no KOJIJieKTOpCKHM CBOHCTBaM 


Mep, J\JIK yTOHHeHHH K034)(J)HI^HeHTa nOpHCTOCTH B pa3Hbix 
TOHKax njiacTa HMeeM cneayiomee i peKyppeHTHoe cooTHome- 
HHe 

0) 

O+l) O) 0) QJ 

m =m - km — , (8) 

dm 

pae s - HOMep HTepaaHH. 

AHajiorHHHo 3 anHCbiBaiOTCH rpaaneHTHbie npoaeaypti 
ana Bcex apyrnx hckombix napaMeTpoB. 

B KanecTBe HyjieBoro npH6jiH5KeHHH ann 3HaneHHH Be- 
jihhhh P* n , P\ b , m , k v k 2 MoryT 6biTb Hcnojib30BaHbi reojio- 
rHHecKHe KapTbi, aaHHbie reo$H3HHecKHx h rnapoaHHaMH- 
necKHx HccjieaoBaHHH CKBa^cHH h njiacTa. ^jih peajiH3aaHH 
rpaaneHTHbix npoueayp THna Heo6xoaHMO BbiHHCJiHTb (jiyHK- 
iIHOHajibHbie npOH3BoaHbie. C Hcnojib30BaHHeM nojiyneHHbix 
pe3yjibTaTOB npoBeaeHbi HHCJieHHbie 3KcnepHMeHTbi c aaHHbi- 
MH KOHKpeTHOrO MCCT0p05KaeHHH ATblpayCKOH o6jiaCTH. 
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B eeAeHHe. Heo6xo/jHMOCTb CBoeBpeMeHHOH 3aMeHbi hh- 
^HKaTOpOB no pe3yjibTaTaM H3MepeHHH noKa3arejieH hh- 
^HKaTOpOB 3KOHOMHHeCKOrO pa3BHTHH OpraHH3 aiTHH H CMeHBI 
c[)a3 b nx HHKjinnecKOM pa3BHTnn noTpeOoBajin ,zjOKa3aTejibCTB 
TeopeM o cjiynanHbix 3HaneHnax H3MepneMbix noKa3aTejien 
HH^HKaTOpOB H BbIHBJieHHH yCJIOBHH HX 3aMCHbI. 

U,ejib. BbiaBHTb ycuoBna 3aMeHbi HH/jHKaropOB no ^oica- 
3aTenbCTBy TeopeM o cjiynanHbix 3HaneHnax H3MepneMbix nx 
noKa3aTejien. 

3a^aHH. 

- 06ocHOBaTb ^OKa3aTejibCTBO TeopeMbi o cjiynanHbix 
3HaneHnax H3MepneMbix noKa3arejieH HH^HKaTopoB npn pocTe 
noKa3aTejien. 

- 06ocHOBaTb /j0Ka3arejibCTB0 TeopeMbi o cjiynanHbix 
3HaneHnax H3MepneMbix noKa3arejieH HH/jHKaropOB, ecnn 3Ha- 
neHna yMeHbinaiOTCH. 

- BbiaBHTb ycnoBHn CMeHbi (Jia3 b pa3BHTnn opraHH3a- 
n,HH. 

- Onpe^ejiHTb ycjiOBHH 3aMeHbi HH/jHKaropoB. 

IIo# ^encTBneM BHemHnx n BHyTpeHHnx (jjaKTOpOB H3Me- 
hhiotch 3HaneHH5i HH/jHKaropOB 3KOHOMnnecKoro n (jiHHaH- 
coBoro coctohhhh opraHH3aiiHH [1]. K hum mo^cho oraecra 
Bbipa6oTKy Ha o^hoto pa6oTHHKa n TeMn ee H3MeHeHna, (Jioh- 
/jooT/jany o/jHoro py 6jih ochobhbix epe/jCTB n ero TeMn H3Me- 
HeHna, K03(J)(J)HLiHeHTbi peHTa6ejibHOCTH n nx TeMnbi H3MeHe- 
hhh, /jojiio pbiHKa peajiH30BaHHon npo^yxiinn n ee TeMn H3- 
MeHeHHu. B hhx HHTerpnpyiOTCn B03^encTBnn n BHyTpeHHnx, 
H BHeiHHHX (JiaKTOpOB Ha opraHH3aiiHio. 

K BHeniHHM (JiaKTOpaM othochtch: (Jia3a 3KOHOMHHecKoro 
H,HKna pbiHOHHOH 3KOHOMHKH, ijeHa orpaHHHeHHbix pecypcoB, 
H,HKjiHHHoe H3MeHeHHe nyyKjx noTpeOHTejieii, hx njiaTe5Ke- 
o6ecneneHHbiH cnpoc, H3MeHeHne hhih pbiHKa. BHyTpeHHHMH 
(JiaKTOpaMH CTaHOBUTCH: TeXHOJIOTHH H Opy^HH Tpy^a B (j)OpMe 
TexHOJiornne ckoto nepe/jejia, KanecTBO h HH^HBH^yajiH3aiiHn 
npo^yKHHH, 3HepronoTpe6jieHHe h MajiooTxo/jHOCTb npoijec- 
cob npOH3Bo^CTBa, noTeHiinaji pa6oneH chubi h ero a/janrapy- 
eMOCTb K H3MeHeHHHM TpeOOBaHHH pbiHKa. 

06o3HaneHHbie HH/jHKaropbi MoryT 6biTb H3MepeHbi e)Ke- 
KBapTajibHO, Hcnojib3ya H3BecTHbie nporpaMMHbie npo/jyKTbi, 
c nepecneTOM HaKonHTejibHbix OajiaHCOB cncTeMbi pocchhcko- 
ro 6yxrajiTepCKoro yneTa Ha noKBapTajibHbie H3MeHeHHa. J\ji% 
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yCJIOBHH CMEHbl HH^HKATOPOB 
H HH/IHKATOPHOCTb B OA3AX 
JKH3HEHHOrO IJHKJIA OPTAHH3ALI,HH 
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Ch6hpckhh (jieaepajibHbiii yHHBepCHTeT, Pocche 
K piOKOBa H.A. npenoaaBaTenb skohomhkh 
CHI N« 10 MO r. KpacHoapcxa, Pocche 


B pafioTe paccMOTpeHbi ycjiOBna 3aMem>i HHanKaropOB h cmchbi cpa3 
b pa3BHTHH opraHroaunn no pe3yjibTaTaM £OKa3arejii>CTBa TeopeM o cay- 
nanHbix 3HaneHnax roMepemui nx noKa3arejien. 

KjnoHeBbie cjiOBa: CMeHa cpa3, Pa3Birme. Ao K a3aTejTbCTBO, TeopeMbi 
o cjrynaHHbix 3HaneHHax roMepemra, noKa3aTejin nnOTKaTOpOB, Ycjio- 
Bna 3aMeHbi. 

y nacTHHKH KOH^epeminn, HaunoHajibHoro nepBeHCTBa 
no HayuHon aHajiHTHKe, OTKpbiToro EBponencKO-A3naTCKoro 
nepBeHCTBa no HaynHon aHajiHTHKe 


ou,eHKH h yneTa hx ^HHaMHnecKHx cbohctb Hcnojib3yiOTCH 
CTaTHCTHHeCKHe CBOHCTBa CTOXaCTHHeCKHX npOHeCCOB [2]. 
H3BecTHO, hto CTaraeraHecKHe 3HaneHHH noKa3aTenen hh- 
^HKaTOpOB BblHHCJIHIOTCH nO HX Cpe^HHM 3HaHeHHHM - X 3a 
n - oraerabix nepHO^OB: 

Zv 

X = • ( 1 ) 

n 

ECJIH BblHBHJIOCb npH H3MepeHHHX, HTO X »X. min HJIH 
X « |X max |, to HeoGxo^HMO OTKa3aTbCH ot Hcnojib3yeMoro 
HH^HKaTopa h 3aMeHHTb ero 6ojiee CTaTHCTHne ckh ^ocTOBep- 

HblM. 

H3MeHeHHH cpe^Hero 3HaneHHH noKa3aHHH HH/jHKaTopa 
ot ero TeKyniHx H3MepeHHH onpe^ejiaeTCH cpe^He KBa^paTHH- 
HblM OTKJIOHeHHeM - G, BblHHCJIHeMblM nO H3BeCTHOMy Bbipa- 
5KeHHIO (2) 


Z(Y-T ) 2 


a = 


\ 


n - 1 


( 2 ) 


Ecjih cpe^HeKBa^paTHHHoe OTKjiOHeHHe no BejiHHHHe CTa- 
hobhtch 6ojibme (0.3X), to Ha/jemiocTb noKa3aHHH Hcnojib- 
3yeMoro HH/jHKaropa ynajia h CHe^yeT 3aMeHHTb ran hh^h- 
KaTOpa JIh 6 o npHMeHHTb K03(j)(l)HHHeHTHbie HJIH MaTpHHHbie 
HH^HKaTOpbl. 

fl,JIH OH,eHKH KOJie6jieMOCTH 3HaneHHH HH^HKaTOpa TeOpHH 
CTaracTHKH npe^JiaraeT Hcnojib30BaTb K034)4)HHHeHT BapH- 
aipiH - y, KOTOpblH BbIHHCJIHeTCH Hepe3 OTHOmeHHe BeJIHHHH 
cpe^HeKBa^paTHHHoro otkjiohchhh no ypaBHeHHio (2) h cpe^- 
Hero 3HaneHHH HH^HKaTOpa no BbipaiKeHHio (1) 


y = -= 100 . (3) 

X 

PaccHHTaB K03(j)(j)HijHeHT BapHaiiHH no ^opMyjie (3), bbi- 
HBJIHeTCH pHCK flOBepHH K nO Ka3 aHHHM H3MepeHHH HCnOJIb3y- 
eMblX HHflHKaTOpOB. 

Ecjih y < 10%, to phck He^OBepHH k noKa3aTejiHM hh^h- 
KaTOpa CaMblH HH3KHH. BeJIHHHHbl nOKa3aHHH HH^HKaTOpOB 
CTaTHCTHHeCKH ^OCTOBepHbl. 

npn 10% < y < 25% 3HaneHHH HH^HKaTOpa othocht k 

Cpe^HepHCKOBblM H Heo6xO^HMO HCCJieAOBaTeJIHM npHMeHHTb 
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h /jpyrne HH/jHxaTOpbi. HanpHMep, bo3mo5xho AonojraeHHe 
HH^HKaTOpa BbIpa60TKH Ha O^HOTO pa60THHKa HH/JHXaTOpaMH 
no K03(J)(J)HII,HeHTaM peHTa6eJIBHOCTH. 

Ecjih y > 35%, to He/jOBepne k noxa3aHHHM Hcnojib3ye- 
MOTO HH/JHICaTOpa CaMOe BBICOKOe H B03HHKaiOT BCe yCJIOBHH 
Ajih ero 3aMeHbi c nepexo/jOM, HanpHMep, ot aHajiH3a a6co- 
jiiOTHbix 3HaneHHH noxa3arejieH k aHajiroy TeMnoB hx H3Me- 
HeHHH. 

PaccHHTaB any, aHajiHTHKH opraHH3 aii|HH totobht j\jw 
MeHe/pxepOB npe/yiO}xeHH5i no ^OBepmo hjih He/jOBepHio k 
noKa3aHHHM ^encTByiomero HH/jHxaropa. BbipaOaTbiBaiOTCH 
npe^ji05KeHHH no ncnojib30BaHnio /jpyrnx BapnaHTOB HHjjHxa- 
TopoB, jih6o no npnMeHeHnio KOMnjieKCHoro, k npnMepy, Mar- 
pHHHOTO HH^HKaTOpa 4)HHaHCOBO-3KOHOMHHeCKOrO COCTOHHHH 
opraHH3an,nn [1]. 

CjiynanHbin xapaxTep 3HaneHHH H3MepeHHbix HH/jHxaTO- 
pOB coctohhhh opraHH3aii,HH b pbiHOHHbix OTHOineHHHx, xapa- 
KTepH3yeTCH cpe^Hen BejinHHHon cjiynanHbix noxa3arejieH 
HH/jHxaropa - X . rtpn 3 tom CTaracTHHeexH - X onpe/jejineT- 
ch npn H3MepeHHn j ot 1 /jo n no H3BecTHOMy Bbipa}xeHHio: 


x 'j=lt x r W 

n j = i 

Ecjih HaOjiio/jaeTCH pocT (j)HHaHC0B0-3X0H0MHHeexHx no- 
Ka3aTejien n yBejinneHne 3HaneHHii noKa3aTejien HH/jHxaropOB 
3 toto pocTa, to hx noejie/jyiomHe cpe/jHHe 3HaneHHH yzjOBjieT- 
BOpHIOT COOTHOHieHHK): 


x ^> x r 


(5) 


TeopeMa. Tpe6yeTca ,zjoxa3aTb, ecjin epe/jHHH bcjihhh- 
Ha nocjie^yiomHx H3MepeHHH noxa3arejiH b CTOxacTHne ckom 
npoijecce 6ojibine epe^Hero 3HaneHHH npe/jbi/jymero H3Mepe- 
hhh noxa3arejieH HH/jHxaTopa (HepaBeHCTBO (5)), to xa5x/joe 
nocjie/jyiomee H3MepeHHe cjiynaiiHOH BejiHHHHbi HH^HxaTO- 
pa X 6yaeT 6ojibine npe^bi^ymero epe/jHero 3HaneHHH i - 
HH^HKaTOpa X. 

Aano: X, +1) >Y. _ (5) 

Tpe6yeTcn /joxa3an>: X ( . +|) >X. (6) 

^OKaTaTejibCTBO. 

Onpe^ejiHM cpe/jHee noejie/jyiomHx 3HaneHHH i - hh/jh- 
xaTOpa npn H3MepeHHH ero noxa3arejieH ot 1 ^o (n + 1) no 
BbIpa5KeHHK) (7) 


X. 


1 5± 




(7) 


E[peo6pa3yeM Bbipa)xeHHe (7) c yneTOM 3HaneHHH 


x iJ = 1 -i x iJ « >.v„. 


npn 3 tom cyMMy bbihojihhm nepe3 BbmejieHHe noejie/jyio- 
mero H3MepeHHH cjiynaHHOH BejiHHHHbi i - HH/jnxaTOpa X . 
Tor/ja: 


x lU+l) = x lU+l) + ^x r 

7 = 1 

rio^CTaBHM nojiyneHHoe Bbipa}xeHHe b ypaBHeHHe (7). 
Ilocjie npeo6pa30BaHHH BBe/jeM ero b HepaBeHCTBO (5) h 
nojiynHM: 
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i 

n + 1 


*,<,+,) + 2 X 

j- i j n M 

n + \^ 


n 7=1 7=1 

Tax xax (n + 1) > 0, to 3Hax HepaBeHCTBa He h3mchhtch 
npn yMHO)xeHHH npaBOH h jicboh nacTen HepaBeHCTBa Ha 
(n + 1), b TaxoM ejiynae nojiynaeM noejie npeo6pa30BaHHii: 

n+l—n ^ 


^•(7+1) > " 


'IX 


7 = 1 


X 




( 8 ) 


(7+1) ’ 


tIX 


' 7 = 1 


Hto h Tpe6oBajioeb ,zjoxa3aTb, Tax xax H3 BbipaixeHHH (8) 
h (4) ejie^yeT: 

X K^> x r 

Topzja b (J)a3e pocTa npn ijhxjihhccxom pa3BHTHH opraHH- 
3ai(HH xa>x^oe noejie^yiomee 3HaneHHe ejiynaiiHO H3MepeHHO- 
ro HH^nxaTopa 6yaeT 6ojibine epe^Hero 3HaneHHH npe^bi^y- 
mnx H3MepeHHH. 

CnpaBe^jiHBO h oSparaoe, ecjin xa)x#oe noejie^yiomee 
H3MepeHHe HH^nxaTopa ^aeT 3HaneHHe 6ojibinee, neM epe,a- 
Hee 3HaneHHe b npe^bi^ymnx H3MepeHHHx, to pa3BHrae opra- 
HH3aiIHH HaXO^HTCH b (J)a3e pOCTa. 

B aHajiH3e xpH3HCHOH opraHH3 aiiHH Ha6jno^aeTca na^e- 
HHe ee (J)HHaHCOBO-3xoHOMHHeexHx noxa3aTejieii. EtpH 3 tom 
ocymecTBjweTCH H3MepeHHe 3HaneHHH 

X. - HH^HxaTOpOB coctohhhh: BbipynxH, npH6buiH, Bbipa- 
6 otxh Ha o^Horo pa6oTHHxa h TeMnoB ee h3mchchhh, (J)oh- 
^ooT^anH o^Horo py6jin ochobhbix epe^CTB h ero TeMnoB 
H3MCHCHHH, X03(J)(J)H13HeHT0B peHTa6eJIBHOCTH H HX TeMnoB 
H3MeHeHHH, flOJiH pbiHxa peajiH30BaHHoii npo^yxiiHH h ee TeM- 
noB H3MeHeHHH, TexynecTH xa^pOB h TeMnoB ee H3MeHeHHH. 
no hhm (npn 3HanHTejibHOM cHH>xeHHH, 6ojiee neM Ha 15%, 
noxa3aTejieii X) ycTaHaBjiHBaeTcn CTeneHb onacHOCTH cocto- 
HHHH XpH3HCa npe^npHHTHH (^JIH 6bICTpOrO H CBOeBpeMeHHO- 
ro npHHHTHH MeHe^}xepaMH CTpaTerHneexHx h TaxTHnecxHx 
pemeHHH b xpH3HCHOH oprammipoi). 

uejieH aHajiH3a nepexo^a b ^pyrne $a3bi pa3BHTHH 
opraHH3au,HH hco6xo/jhmo AOxa3aTejibCTBO cjie^yiomeH Teo- 
peMbi. 

TeopeMa. Ecjih cpe^HHH BejiHHHHa nocjie^yiomHx H3Me- 
peHHH noxa3aTejiH MeHbrne cpe^Hero 3HaneHHH npe^bi^ymero 
H3MepeHHH noxa3aTejieH HH^nxaTopa b CTOxacTHneexoM npo- 
iiecce, to xa5x#oe nocjie^yiomee H3MepeHHe cjiynaiiHOH bcjih- 
hhhbi HH^nxaTOpa X 6y^eT MeHbrne npe/jbmymero cpe^He- 
ro 3HaneHHH i - HH/pixaTOpaX.. 

Rmo: X, +1) <Y. ' _ (9) 

Tpe6yeTcn ^oxa3aTb: X <X (10) 

,Il,OKa3aTejibCTBO. 

npOBe^eM ^oxa3aTejibCTBO ot npoTHBHoro. nycTb npe^- 
n0JI05XHM, HTO BbinOJIHUCTCH ! 


x r+n >x. 

i(i+ 1) y 


( 11 ) 


/yin oOecneneHHH HepaBeHCTBa X i(j+l) <X„. npeo6pa3yeM cpeji- 
Hee nocjie^yiomHx 3HaneHHH / - HH^nxaTOpa npn H3MepeHHH 
ero noxa3aTejieH ot 1 ^o (n + 1) no BbipaixeHHio (7). Ho cyMMy 
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2X 

j = i 


BbinojiHHM nepe 3 Bbi/jeneHne nocjie^yiomero H 3 MepeHHH cjiy- 

3,H1 
1 


HaHHOH BeJIHHHHBI / - HH/JHKaTOpa JT : 






X 


1 


(y+1) ' 


17 + 1 


( 7 ) 

( 12 ) 


x /o' + i) + E x ? 
l v j= 1 y 

IIoACTaBHM b nojiyneHHoe Bbipa5KeHHe npe^noji05KeHHe 
X^. +1) > X . H paBeHCTBO (12) CTaHOBHTCH HepaBeHCTBOM npH 

3aMeHe X v . ,, He 6 ojibhihm 3HaneHneM X.. 

i(7+i ) y 


X,. 


(7+1) : 


n + 1 


++I+ 

7=i y 


(13) 


3Haa Bbipa>KeHHe ^jih X.. H3 ypaBHeHHH (4), nojiyHHM, hto 

X+="A 

7=1 


hto npOTHBOpenHT ycjiOBHio TeopeMbi. Cjie^OBaTejibHO, npe/j- 
nono}KeHHe (11) HeBepHo hX <X , hto h Tpe6oBajioci> #o- 
Ka3aTt. 

B TaKOM cjiynae b (j)a3e KpH3Hca iiHKjiHHecKoro pa3BHTHH 
opraHH3ai^HH Ka)K/joe nocjie^yiomee H3MepeHHe cjiynanHoro 
3HaneHHH HH/jHKaTOpa OyzjeT MeHbine cpe/jHero 3HaneHHH npe- 
^BI^ymHX H3MepeHHH HH^HKaTOpa (10). 

CnpaBe^jiHBO h oOparaoe, ecjin Ka)K/joe nocjie^yiomee 
H3MepeHne HH/pncaropa ^aeT 3HaneHHe MeHbinee, neM ero 
cpe^Hee 3HaneHHe b npe/jbmymnx H3MepeHHnx, to opraHH3a- 
IJHH HaXOflHTCH B (j)a3 e KpH3HCa. 

B TaxoM cjiynae no ,zjOKa3aHHbiM TeopeMaM cjie^yeT, hto, 
ecjin X i{j+x) > X , to (npn H3MepaeMbix b nocjie^yiomeM no- 
KaaaTejiHx HH^HKaTOpa) b pa3BHTnn opraHH3annH HacTynnji 
nepexo# ot peiieccnn k (j)a3e pocTa. 

Tor^a, ecjin: X < X , to ( npu usMepnembix e nocjiedyw- 
ipeM noKa3amejmx unduKamopa) opraHH3aipra b cbocm pa3BH- 
THH no 3KOHOMHHeCKOMy IJHKJiy H3 CTamaiJHH OKa3bIBaeTCH B 
(J)a3e KpH3nca. 


Toma nocjie npeo6pa30BaHnn HepaBeHCTBa (13) HMeeM: 


References: 


+o +1 > * + nX « ) 111111 X ‘^ * + !)• 

n + 1 n + 1 
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PROBLEM OF CONDENSATION 
IN STATISTICAL PHYSICS 

M. Ushcats, Candidate of Technical sciences, Associate Professor 
Admiral Makarov National University of Shipbuilding, Ukraine 

The author considers an accurate expression for the cluster 
expansion of the configuration integral of the system of interacting 
particles. Investigations of this expression indicate the beginning 
of the gas-liquid transition at the singularity points of isothermal 
compressibility. It has also been shown that the adequacy boundary 
of the virial equation of state corresponds to these points - not the 
virial range singularities. At the high density region the inappropriate 
behavior of the cluster expansion has been discovered that may 
be related to the infinite limits of the cluster integrals, i.e. their 
independency on density. 

Keywords: configuration integral, cluster expansion, virial 
equation of state, irreducible integral, virial coefficient. 
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nPOEJIEMA KOH/IEHCAItHH 
B CTATHCTHUECKOH OH3HKE 

YmKau M.B., KaH/L TexH. Hayic, aoacht 
H auHOHajibHbiH yHHBepCHTeT KOpafijiecTpoeHHH 
hm. aaMHpajia MaicapoBa, YicpaHHa 

PaccMaTpHBaeTca TOHHoe BbipanceHHe rpynnoBoro paijro^eHua 
KOH(J)HrypauHOHHoro HHTerpajia chctcmli B3auMoaeucTByK)uiux uacTuu. 
HccjreaoBaHHtf ototo BbipanceHHH yKa3BiBaiOT Ha Hanajio (J)a30Boro nepe- 
xoaa ras-muucocTB b Tomcax CHHryjiapHO cth uiOTepMunecKon c)KHMae- 
MOCTH. IIOKa3aHO, TaiOKe, HTO HMeHHO 3TH TOHKH, a He TOHKH CHHiyjIHp- 
hocth caMoro BHpHajiBHoro paaa, hbjihiotch rpaHnuefi npHMeHHMO cth 
BHpnajiBHoro ypaBHeHua cocToaHua. B ofijiacTH 6ojilhioh hjiothocth, 
cooTBeTCTBymmeu acu^KOMy h TBepaoMy cocToaHHaM, odHapyaceHa He- 
aaeKBaraocTB rpynnoBoro pa3JioaceHHa, CBa3aHHaa c HHTerpHpOBaHHeM 
b fiecKOHeuHBix npea;ejiax, T.e. c He3aBHCHMO ctbio HenpuBoauMbix hhtct- 
paJIOB OT n JIOTHO CTH . 

KjHoueBbie cjiOBa: KOHcJiurypaHHOHHbiu HHTerpaji, rpynnoBoe pa 3 - 
jioaceHHe, BHpHajibHoe ypaBHeHHe cocToaHHa, HenpuBoauMbifi HHTerpaji, 
BHpHaJIbHblH K 03 C|)C})HHHeHT. 

YnacTHHK KOH^epeHUHH, HauHOHajibHoro nepBeHCTBa 
no HayuHOH aHajiHTHKe, OTKptiToro EBponeHCKO-A3HaTCKoro 
nepBeHCTBa no HaynHOH aHajiHTHKe 


B coBpeMeHHOH $H3HKe ao chx nop He cymecTByeT CTpo- 
roii CTaTHCTHue ckoh TeopHH $a30Bbix nepexoAOB nepBO- 
ro po^a [1]. H3BecTHO, hto npaKTHuecKH jiio6oh noTeHUHaji 
napHoro B3aHMOAeHCTBHH, yuHTbiBaiomHH h npHTHHceHHe, h 
OTT ajiKHBaHHe MOJieKyji, AOJDKeH npH onpeAejieHHbix ycjio- 
bhhx npHBOAHTb k (|m 30 BbiM npeBpaiAeHHHM [2]. 3 to 5Ke 
noATBep5KAaiOT h pa3JiHHHbie HHCJieHHbie 3KcnepHMeHTbi 
Ha 6a3e mctoaob MoHTe-Kapjio [3-7] h MOJieKyjinpHOH a h- 
HaMHKH [6—11], ho Aance 3MnHpHuecKHe [7, 8] (hjih nojiy- 
3MnHpHuecKHe [12, 13]) ypaBHeHHH cocToaHHa hmciot b 
3toh o6jiacTH TepMOAHHaMHuecKH 3anpemeHHbie ynacTKH 
c oTpHAaTejibHOH C5KHMaeMOCTbio (Tax Ha3biBaeMaa, neTjin 
BaH-Aep-Baajibca). 3 th HeB03M05KHbie hh Ha npaKTHice, hh c 
TOHKH 3peHHH paBHOBCCHOH CT UTHCTHKH , COCTOHHHH HCKyC- 
CTBeHHO 3aMeHHIOT yuaCTKOM no CTOHHHOTO AaBJieHHH, pyKO- 
BOACTByaCb TepMOAHHaMHHeCKHMH C 006 pa)KeHHHMH O paBHO- 
BecHOM cocyiAecTBOBaHHH AByx $a3 (HanpHMep, npaBHjiOM 
MaKCBemia [14]). 

OaHH H3 OCHOBHbIX COBpeMeHHbIX CTUTHCTHHe CKHX 
HHCTpyMeHTOB OnHCaHHH CHCTeM B njIOTHbIX COCTOHHHHX 
- ypaBHeHHe OpHHiTeHHa-U,epHHKe (OEQ [15] - HMeeT CBoe 
TeopeTHnecKoe o6ocHOBaHHe b paMKax nepapxHH ypaBHeHHH 
Borojno6oBa-BopHa-TpHHa-KHpKByAa-HBOHa (BBTKH) [16], 
H, no CyTH, HBJIHCTCH 3KBHBaJieHTHbIM KJiaCCHHeCKOMy oaho- 
4)a3HOMy noAxoAy TH66ca. K coHcajieHHio, OU, ypaBHeHHe ao 
chx nop ocTaeTca He3aMKHyTbiM, a Bee Hcnojib3yioiAHecH Ha 
npaKTHKe 3aMbiKaHHa, hbjihiotch annpoKCHManHaMH, aAGKBaT- 
hoctb KOTOpbix oiieHHBaeTca 3MnnpHHecKH. KpOMe toto, cy- 
mecTByiOT o6jiacTH coctohhhh, TAe y OU, ypaBHeHHH OTcyTC- 
TByeT eAHHCTBeHHoe pemeHHe [17, 18]. 

^pyron pacnpocTpaHeHHbiH noAxoA - BHpHajibHoe ypaB- 
HeHHH COCTOHHHH (BYC) - BblBOAHTCH B npH6jIH5KeHHH MaJIOH 
njiOTHOCTH HHCJia nacTHA KaK Ha 6a3e BBrKH ypaBHeHHH [19], 
Tax h Ha ocHOBe rpynnoBoro pa3Ji05KeHHH KOH(j)HrypaAHOHHO- 
ro HHTerpaua KaHOHnnecKoro hjih 6ojibmoro KaHOHHHecKoro 
aHcaM6jiH rn66ca [1, 16, 20]. KaK h jiio6oh OecKOHeHHbiii pHA, 

BHpHaJIbHOe pa3JIO)KeHHe AaBJieHHH MOHCCT paCXOAHTbCH, H 
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3TO OTHOCHT K OCHOBHbIM He AO CTATKAM BYC HapHAy CO CJI05K- 
HOCTblO BbIHHCJieHHH BHpHaJIbHbIX K03(j)(j)HAHeHT0B CTapmHX 
nopHAKOB. 

HaM ao chx nop He H3BecTHbi TOHHbie rpaHHAbi aACKBaT- 
hocth BYC h OU, ypaBHeHHH. HeKOTOpbie HccjieAOBaTejiH 
npeAnojiaraiOT npHMyio cbh3b MencAy ynacTKaMH (j)a30Bbix 
nepexoAOB h tohkamh CHHryjiHpHocTH BHpnajibHoro pHAa 
[21, 22] hjih oOjiacTbio paexoAHMOCTH OU, ypaBHeHHH [17, 
18], ho 3th npeAnojiOHceHHH ocTaiOTcn HeAOKa3aHHbiMH. 

K HacTonmeMy BpeMeHH b (j)H3HKe ycnejio cjiohchtbch yc- 
TOHHHBOe MHeHHe O TOM, HTO KJiaCCHHeCKHH (OAHO(j)a3HbIH) 

CTaTHCTHHecKHH noAxoA rnOOca npHMeHHM tojibko BHe o6jiac- 
th $a30Bbix nepexoAOB h, b npHHAHne, He mohcct onncbiBaTb 
COCTOHHHe CHCTeMbI BHyTpH 3TOH oOjiaCTH. OAHaKO BHHHTb 
B CJIOHCHBHieHCH CHTyaiI,HH CJieAyeT, KOHeHHO 5Ke, HeAOCTa- 
tohhoctb Hamnx 3HUHHH h HecoBepuieHCTBO Hcnojib3yeMoro 
MaTeMaTHnecKoro annapaTa. 

^eHCTBHTejibHO, b cjiynae OU, ypaBHeHHH mbi eme npocTO 
He 3 HaeM ero TOHHoro 3 aMbiKaHHH - HaM HeH 3 BecTeH tohhbih 
bha eooTBeTCTByiomero 6pHA5K-(J)yHKAHOHajia [18] (hm 3 aMe- 
hhiot yneT 6 ecKOHeHHoro HHCJia HenpHBOAHMbix cxeM HenpH- 
MblX KOppeJIHAHH). 

B cjiynae BYC He CJieAyeT 3a6biBaTb, hto BHpHajibHoe pa3- 
jiOHceHHe He HBJineTCH tohhbim Bbipa)KeHHeM KOHiJmrypaAHOH- 
Horo HHTerpajia - 3to Bcero jmmb ero annpOKCHMaiiHH b Tep- 
MOAHHaMnnecKOM npeAejie (N —> qo) npH Majibix hjiothocthx 
p = N/V. 

CymecTByeT B03M05KH0CTb nojiyHHTb TOHHoe BbipanceHHe 
rpynnoBoro pa3JiOHceHHH KOHiJjHrypaiiHOHHoro HHTerpajia 
Q n CHCTeMbI N nacTHA (bbiboa npeACTaBjieH b pa6oTe [23]) 
nepe3, TaK Ha3biBaeMbie, HenpHBOAHMbie rpynnoBbie HHTerpa- 
jibi (3 p to ecTb, no cyra, nepe3 BHpnajibHbie K034)$KAHeHTbi 
J ) 

Q n = (1) 

rAe npeACTaBjineT co6oh K03(J)4)HAHeHT npH y N b pa3Jio)Ke- 

hhh no CTeneHHM y cjieAyioiAeH (JjyHKAHH 



F(y) = 


i 

^ N k 


V *>i 
/ r 


xexp 


V L 




1k + 1 TV" 


.jvyM/ 

^ N k 


( 2 ) 


Taxon cnoco6 Bbipa5KeHHa KOHijmrypaAHOHHoro HHTer- 
pana aBJineTCn 6ojiee cjio)KHbiM no cpaBHeHHio c BnpnajibHon 
annpOKCHMaiinen, ho 3aTO oh He HMeeT orpaHHneHHH, xapax- 
TepHbix BYC, 3a HCKjnoneHHeM AByx ynpomeHHH, jie5Ka- 
hjhx b ocHOBe caMoro rpynnoBoro pa3Jio)KeHHa, a hmchho: 

- napHaa aAAHTHBHOCTb noTeHAHajia B3aHMOAeHCTBH5i 
(cymecTByiOT cnoco6bi ynecTb HeaAAHTHBHOCTb, ocTaBancb b 
paMKax rpynnoBoro pa3Ji05KeHHn [24]); 

- He3aBHCHMOCTb HenpHBO/JHMbIX HHTerpaJIOB OT nJIOT- 
hocth (ynpomemie, cBinaHHoe c HHTerpHpoBaHHeM Bcex He- 
npHBO^HMbix rpa(J)OB b OecKOHenHbix npe/jenax). 

AHaJIH3 BbIpa5KCHHH (1) C yneTOM (jiyHKAHH (2) B TepMO^H- 
HaMHnecKOM npe/jene no3BOJiHji npHHTH k hcckojibkhm Ba>K- 
HblM BblBO^aMI 

Bo-nepBbix, hh jiorapn^M KOH(J)Hrypai^HOHHoro HHTerpa- 
jia, hh aaBjieHHe He pacxoAHTca b TOHKax CHHryjrapHocTH bh- 
pnajibHoro pnAa, a, 3HanHT, h npo6jieMa paexoAHMOCTH BHpH- 
ajibHoro pa3Ji05KeHH5i M05KeT CHHTarbcn ceroAHn He HMeiomeii 
(J)H3HHeCKOrO CMbICJia. 

Bo-BTOpbix, 6bmo ^OKa3aHO [23], hto npn yneTe jno6oro 
KOHeHHOrO HHCJia HenpHBO/IHMblX HHTerpaJIOB (HJIH BHpH- 
ajibHbix K03^)^)HH,HeHT0B) b o6jiacTH TeMnepaTyp HH5Ke Kpn- 
THHeCKOH H30TepMbI ypaBHCHHH (1) nOJIHOCTblO COBna/jaiOT c 
H30TepMaMH BHpHaJIbHOrO ypaBHeHH^ TOJIbKO AO TOHKH CHHry- 
JWpHOCTH H30TepMHHeCK0H C5KHMaeMOCTH = 1) H npH- 

HipniHajibHO OTjiHnaiOTca npn Oojibihhx hjiothoctiix - AaBjie- 
HHe, eooTBeTCTByiomee ypaBHeHHio (1) nepecTaeT 3aBHceTb 
OT njIOTHOCTH. 



Phc. 1. H 30 TepMbi (1) (cnjiouiHaH jihhhh) h BYC 
(nyHKTHp) ajih Tpex TeMnepaTyp npn yneTe neTbipex 
enpnajibHbix iv 03 (|)(|)iimieni 0 B (BepxHne KpHBbie b 
K a^KAon H 3 Tpex rpynn) n BOCbMH K 03 (|)(|)iimieiii 0 B 
(HnacHne KpnBbie) ajih noTemjHajia JleHHapA-fl^coHca. 
ToHKaMH OTMeneHO nojioaceHHe CHHryjiapHOCTeii 
H 30 TepMHHeCK 0 H C 5 KHMaeMOCTH 
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3th 5Ke BbIBOABI nOATBep}KAaiOTCH HHCJieHHbIMH HCCJieAO- 
BaHHHMH. Ha pnc.l npeACTaBjieHbi pe3yjibTaTbi pacneTOB c no- 
moiabio BYC h ypaBHeHHH (1) (N= 8000) AaBjieHHn P* = Pa 3 /z 
npn pa3JiHHHbix TeMnepaTypax T - kHz AJifl noTeHijHajia 
JleHHapA-A^OHoa (12-6) (eho- napaMeTpbi 3Toro noTeHiiHa- 
jia) c yneTOM pa3JiHHHoro nncjia BHpnajibHbix K03(j)(j)HAHeHT0B 
(3HaneHHH B 6 , B 1 h B s HHTepnojiHpoBajiHCb Ha ocHOBaHHH pe- 
3yjibTaTOB pa6oT [25, 26]). 

nOCTOHHCTBO AaBJieHHH yKa3bIBaeT Ha TO, HTO TOHKa CHH- 
ryjIHpHOCTH H30TepMHHeCK0H C}KHMaeMOCTH AOJDKHa CHHTaTb- 
ch tohkoh cyxoro HacbimeHHoro napa, to ecTb npHHaAJie5KaTb 
6nHOAajiH, a He cnHHOAajiH, xa k CHHTajioeb paHee, TeM 6ojiee 
hto BHpHajibHoe ypaBHeHHe h He aojdkho onncbiBaTb MeTa- 
CTaOnjibHbie coctohhhh, npHHiiHnHajibHo HeB03M05KHbie b 
paMKax CTaracTHKH rn66ca. 

Ha pHC. 2 noKa3aHbi eooTBeTCTByiomHe KpHBbie kohach- 
eailHH J\J1K pa3JIHHHOrO HHCJia BHpHaJIbHbIX K03(j)(j)HAHeHT0B, 
a TaK)Ke 3KcnepHMeHTajibHbie OnHOAajib h cnHHOAajib. 3th 
KpHBbie Jie5KaT 6jIH5Ke K CnHHOAajiH, HO C pOCTOM HHCJia yHH- 
TblBaeMblX K03(f)(J)HAHeHT0B OHH 3aMCTHO npH6jIH)KaiOTCH K 
6nHOAajiH. K co)KajieHHio, orpaHHneHHOCTb nncjia H3BecT- 
HblX BHpHaJIbHbIX K03(J)(J)HAHeHT0B BbICHIHX nOpHAKOB, KaK H 
3HaHHTejibHaa norpeuiHOCTb hx 3HaneHHH (ocoOchho j\jik B 1 
h i? 8 ), noxa He no3BOJHiiOT yBepeHHO 3KCTpanojiHpOBaTb nojio- 
HceHHe KpHBOH KOHACHcaii,HH, npn k — > 00 . 

ToHHoe Bbipa5KeHHe (1) j\jik rpynnoBoro pa3Ji05KeHHH 
KOHiJmrypaAHOHHoro HHTerpajia mojkct onncbiBaTb Hanajio 
npoiiecca KOHACHcaiiHH, He npoTHBopenamee 3aKOHaM Tep- 

MOAHHaMHKH, HO B oOjiaCTH OHCHb 60 JIbHI 0 H njIOTHOCTH erO 
noBeAeHHe He eooTBeTCTByeT AOHCTBHTejibHO cth - OTcyTCT- 
ByiOT npH3HaKH }KHAKOrO H TBepAOrO COCTOHHHH. 

DiaBHaa npHHHHa Taxoii He aACKBaTHO cth mojkct Obitb 
3aji05KeHa b cbmoh cyTH rpynnoBoro pa3Ji05KeHHH - 3 to hh- 
TerpHpoBaHHe Bcex HenpHBOAHMbix cxeM b OecKOHenHbix npe- 



Pnc. 2. KpnBbie KOHAeHcapnn c yneTOM pa3JiHHHoro 
HHCJia BHpHaJIbHbIX K03^^HpneHTOB (HOMepa 
npHBOAHTCH Ha pneyHKe). CHMBOJIbI (+) nOKa3bIBaiOT 
COOTBeTCTByiOipHe KpHTHHeCKHe TOHKH, CHMBOJiaMH (0) 
o6o3HaneHbi tohkh 6nHOAajiH [5], nyHKTHp Haa upmnni 
COOTBeTCTByeT cnHHOAajiH [8], B 3aiUTpHXOBaHHOH 
npnMoyrojibHOH o6jiacTH jieacaT KpHTHHeCKHe 
napaMeTpbi, nojiyneHHbie b pa3Hbix pa6oTax [3-9] 
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#ejiax. IlpH HH3KHX TeMnepaTypax Bee H3BecTHtie Ha cero/jHH 
HenpHBO^HMtie HHTerpajibi CTapmnx nopn/jKOB nojio)KHTejib- 
hbi, T.e. yHHTbiBaioT CKOpee npHTimeHHe, a He orrajiKHBaHHe 
(He3aBHCHMO OT njIOTHOCTHl). Il03T0My, HeyZJHBHTeJIbHO, HTO 
yneT chji npHTiDKeHHH jjaeT Hanajio npoijeeea KOH,aeHcai;HH, 
HO OTCyTCTBHe CHJI OTTaJIKHBaHHH B npHHIJHne He M05KeT OCTa- 
hobhtb 3tot npoiieee. HHTerpHpOBaHHe b peajibHbix npe^ejiax 
npH yMeHbineHHH o6T>eMa ^ojdkho nocTeneHHo yMeHtmaTb 
rpynnoBbie HHTerpajibi h ,zja5Ke MemiTb hx 3Haic. 

C flpyroii CTOpOHbi, BbiBO/jbi, CAejiaHHbie c yneTOM TOJibKo 
nepBbix ceMH HenpHBO/jHMbix HHTerpajiOB, MoryT OKa3an>CH 
npOK^eBpeMeHHbiMH. Bo3mo)kho, hto yneT HHTerpajiOB bbi- 
CHIHX nOpH^KOB H3MCHHT CHiyaipiIO. B JII060M CJiyHae, 3TH 
Bonpocbi Tpe6yiOT ^ajibHeiiHiHx cepbe3Hbix Hccjie^oBaHHH. 
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